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Description

GOVERNMENT LICENSE RIGHTS

[0001] This inventionwasmadewith government support under theDE-AR0000794 contract awarded byUnitedStates
Department of Energy, Advanced Research Projects Agency (ARPA-E). The government has certain rights in the
invention.

TECHNICAL FIELD

[0002] This disclosure relates to vehicle energy usage, and in particular to systems and methods for estimating a
remaining range of a vehicle and for reducing driver range anxiety.

BACKGROUND

[0003] Vehicles, such as cars, trucks, sport utility vehicles, cross-overs, mini-vans, or other suitable vehicles, are
increasingly relying on batteries to provide energy to a vehicle propulsion system (e.g., as is the case with an electric
vehicle that usesoneormoreelectricmotors to providepropulsionor ahybrid vehicle that usesoneormoreelectricmotors
and an internal combustion engine to provide propulsion).
[0004] In such vehicles, it may be difficult to accurately predict a remaining distance (e.g., whichmay be referred to as a
range) that a vehicle can travel with the remaining battery charge or energy of one ormore vehicle batteries of the vehicle.
Thismay lead tooperator anxiety, as itmaybe inconvenient, difficult, or impossible to charge the vehicle battery prior to the
vehicle arriving at a desired destination. Additionally, difficulty in accurately predicting the remaining distance that the
vehicle can travel with the remaining battery charge or energy of the one ormore vehicle batteriesmay dissuade potential
vehicle purchasers from purchasing an electric vehicle or hybrid vehicle.

SUMMARY

[0005] This disclosure relates generally to vehicle propulsion control systems and methods.
[0006] An aspect of the disclosed embodiments includes a method for controller vehicle propulsion. The method
includes identifying at least one route characteristic of a portion of a most probable path, determining a vehicle energy
consumptionprofile for a vehicle basedonat least historical data indicatingenergy consumptionof the vehicle for at least a
portion of a route previously traversed by the vehicle having at least one route characteristic corresponding to the at least
one route characteristic of the portion of the most probable path, and determining, for the most probable path, a route
energy consumption profile based on the at least one route characteristic of the portion of themost probable path and the
vehicle energy consumption profile. The method also includes determining a target vehicle speed profile based on the at
least one route characteristic and the vehicle energy consumption profile and selectively controlling vehicle propulsion
based on the target vehicle speed profile.
[0007] Another aspect of the disclosed embodiments includes a system for controlling vehicle propulsion. The system
includes a processor and a memory. The memory includes instructions that, when executed by the processor, cause the
processor to: identify at least one route characteristic of a portion of a most probable path; determine a vehicle energy
consumptionprofile for a vehicle basedonat least historical data indicatingenergy consumptionof the vehicle for at least a
portion of a route previously traversed by the vehicle having at least one route characteristic corresponding to the at least
one route characteristic of the portion of the most probable path; determine, for the most probable path, a route energy
consumption profile based on the at least one route characteristic of the portion of themost probable path and the vehicle
energy consumption profile; determine a target vehicle speed profile based on the at least one route characteristic and the
vehicle energy consumption profile; and selectively control vehicle propulsion based on the target vehicle speed profile.
[0008] Another aspect of the disclosed embodiments includes a non-transitory computer-readable storage medium,
comprising executable instructions that, when executed by a processor, facilitate performance of operations, comprising:
identifying at least one route characteristic of a portion of amost probable path; determining a vehicle energy consumption
profile for a vehicle based on at least historical data indicating energy consumption of the vehicle for at least a portion of a
route previously traversed by the vehicle having at least one route characteristic corresponding to the at least one route
characteristic of the portion of the most probable path; determining a current state of charge of a vehicle battery of the
vehicle; determining, for the most probable path, a route energy consumption profile based on the at least one route
characteristic of theportionof themost probablepathand thevehicle energyconsumptionprofile; calculatinganestimated
remaining charge for the vehicle battery at an end of the most probable path based on the state of charge of the vehicle
battery and the route energy consumption profile; determining whether the estimated remaining charge for the vehicle
battery is within a vehicle battery charge range; in response to a determination that the estimated remaining charge is less
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than a lower limit of the vehicle battery charge range: determining a target vehicle speed profile based on the at least one
route characteristic, the vehicle energy consumption profile, and the state of charge of the vehicle battery; and generating
an indication; and providing the indication.
[0009] These and other aspects of the present disclosure are provided in the following detailed description of the
embodiments, the appended claims, and the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The disclosure is best understood from the following detailed description when read in conjunction with the
accompanyingdrawings. It is emphasized that, according to commonpractice, thevarious featuresof thedrawingsarenot
to-scale. On the contrary, the dimensions of the various features are arbitrarily expanded or reduced for clarity.

FIG. 1 generally illustrates a vehicle according to the principles of the present disclosure.
FIG. 2 generally illustrates a block diagram of a vehicle propulsion control system according to the principles of the
present disclosure.
FIG. 3 is a flowdiagramgenerally illustratinganenergy consumptionmethodaccording to theprinciples of the present
disclosure.
FIG. 4 generally illustrates an estimation of the energy consumption in a vehicle battery for a future trip usingmachine
learning, according to the principles of the present disclosure.
FIG. 5 is a flow diagram generally illustrating a vehicle propulsion control method according to the principles of the
present disclosure.
FIG. 6 is a flow diagram generally illustrating an alternative vehicle propulsion control method according to the
principles of the present disclosure.
FIG. 7 is a flow diagram generally illustrating an alternative vehicle propulsion control method according to the
principles of the present disclosure.
FIG. 8 is a flow diagram generally illustrating a remaining vehicle battery range estimation method according to the
principles of the present disclosure.
FIG. 9 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimation method
according to the principles of the present disclosure.
FIG. 10 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimation method
according to the principles of the present disclosure.
FIG. 11 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimation method
according to the principles of the present disclosure.
FIG. 12 is a flow diagram generally illustrated a vehicle propulsion control method according to the principles of the
present disclosure.

DETAILED DESCRIPTION

[0011] The following discussion is directed to various embodiments of the invention. Although one or more of these
embodiments may be preferred, the embodiments disclosed should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one skilled in the art will understand that the following description
has broad application, and the discussion of any embodiment is meant only to be exemplary of that embodiment, and not
intended to intimate that the scope of the disclosure, including the claims, is limited to that embodiment.
[0012] As described, vehicles, such as cars, trucks, sport utility vehicles, cross-overs, mini-vans, or other suitable
vehicles, are increasingly relying on batteries to provide energy to a vehicle propulsion system (e.g., as is the casewith an
electric vehicle that usesoneormoreelectricmotors toprovidepropulsionorahybrid vehicle that usesoneormoreelectric
motors and an internal combustion engine to provide propulsion).
[0013] In such vehicles, it may be difficult to accurately predict a remaining distance (e.g., whichmay be referred to as a
range) that a vehicle can travel with the remaining battery life or charge of one ormore vehicle batteries of the vehicle. This
may lead to operator anxiety (e.g., which may be referred to as range anxiety), as it may be inconvenient, difficult, or
impossible to charge the vehicle battery prior to the vehicle arriving at a desired destination. Additionally, difficulty in
accurately predicting the remaining distance that the vehicle can travel with the remaining battery life or charge of the one
ormore vehicle batteriesmay dissuade potential vehicle purchasers frompurchasing an electric vehicle or hybrid vehicle.
[0014] Range anxiety is one of the major challenges that hinder the widespread usage of electric vehicles (EVs). It is a
psychological fear from EV owners that the vehicle may have insufficient energy to cover the distance to the intended
destination and that the vehicle may be stranded prior to reaching the destination. While this was particularly true in the
early stages of EVdevelopment, when the batteries used in EVs had limited capacity,many consumers still believe it to be
the case even now with higher capacity batteries. What earlier used to be inadequate battery capacity has now been
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replaced by a lack of confidence in the estimated range displayed on a vehicle dashboard. According to recent literature,
most EV drivers usually reserve about 30% of the on-dash estimated range due to a lack of trust in the accuracy of the
remaining driving range (RDR) estimate.
[0015] Accordingly, systems and methods, such as those described herein, configured to provide accurate predictions
of the RDR of a vehicle based on a current state of charge of at least one vehicle battery, may be desirable. In some
embodiments, the systems andmethods described hereinmay be configured provide an accurate estimate of the RDR in
EVs, hybrid vehicles, and/or internal combustion engine vehicles by predicting the future energy consumption for a trip
based on comprehensive driving conditions (e.g., which may include the information of route features, traffic conditions,
operation of vehicles, driving styles, environmental impacts, and/or the like).
[0016] The systems and methods described herein may be configured to translate such information into the energy
consumption in an energy storage system (ESS) (e.g., such as a battery or other suitable energy storage system). The
systems and methods desired herein may be configured to determine the energy consumption of the vehicle for a
particular route based on driving style recognition, speed profile prediction, and energy consumption from one or more
wheels of the vehicle to the ESS. The systems and methods described herein may be configured to combine a model-
based approach with a data-driven method, which may apply to all electric vehicle platforms regardless of the type of the
ESS.
[0017] The systems and methods described herein may be configured to calculate the RDR can using Equation (1).

[0018] The systems andmethods desired herein may be configured to support the accurate determination of the RDR,
by determining a reliable estimate for the future energy consumption (e.g., the denominator in Equation (1)). The systems
and methods desired herein may be configured to reduce or alleviate range anxiety and reduce the amount of energy a
driver intentionally reserves in the ESS due to uncertainty about the RDR, which is equivalent to increasing the useable
energy capacity.
[0019] Range estimation methods can be categorized into history-based methods, model-based methods, and data-
driven or machine learning (ML) methods. History-based methods may be relatively less reliable as they rely on the
assumption that the future energy consumption will be similar to that of the past. Model-based approaches typically focus
on building a driving profile over time to predict the future speed profile (e.g., acceleration, deceleration, average speed,
and/or the like), of the vehicle by considering factors suchas route information, speed regulations, driving behavior, and/or
the like. Model-based estimations are typically more accurate than history-based approaches, but can also be compu-
tationally intensive, using a detailedmodel to represent the energy consumption of the vehicle.MLmay leverage relatively
large datasets to generate and develop algorithms capable of learning complex relationships between the different
features of the data and eventuallymaking credible predictions during the deployment. The systemsandmethods desired
herein may be configured to combine the model-based approach with MI,, to provide reliable range estimation without
requiring significant computation power.
[0020] Most range estimation algorithms fail to address the problem of real-time range estimation and do not consider
environmental and driver behavior factors, whichmay lead to a relatively large variance in energy consumption for a given
trip or route. As such, the systems andmethods desired herein may be configured to predict the energy consumption of a
future trip or route using route features, traffic conditions, operation of vehicles, driving styles, environmental impacts,
and/or other suitable characteristics or aspects of the vehicle, operator, route, traffic, and/or environment.
[0021] In some embodiments, the systems and methods desired herein may be configured to translate the aforemen-
tioned information into theenergy consumption in theESS, as is generally illustrated asamethod200 inFIG. 3 (e.g.,which
includes driving style recognition, speed profile prediction, and energy consumption fromwheel to ESS). For example, at
202, the method 200may recognize a driving style based on one or more driving features (e.g., which may include one or
moremeasurements). The systemsandmethods described hereinmay be configured to analyze driving behavior to store
data inadriverprofile that canbeused for thepredictionofaspeedprofileor for alerts related toenergysavings.Thedriving
features may include instantaneous velocity, pedal positions (e.g., acceleration and braking), distance to stop signs,
distance to speed limit charge, speed limit offset, any other suitable driving feature, or a combination thereof. The systems
and methods described herein may be configured to determine, based on the driving features, aggressiveness related
driving style parameters, which are used in speed profile prediction. For example, an increase in aggressive driving may
lead to a decrease in energy efficiency, while an increase in conservative driving may produce the opposite effect, which
has an impact on RDR in the vehicle.
[0022] At 204, the method 200 predicts a speed profile, using a physical-based model. The systems and methods
described hereinmay be configured to use the route information, the traffic conditions, and/or the driving style parameters
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to predict the speed profile for a route. The systems and methods described herein may be configured to extract route
features from maps or navigation systems that may provide information regarding the road typology, distance between
coordinates, elevation and/or grade, speed limit, stop sign (SS) locations, traffic light (TL) locations, alternative routes,
location of charging/refill stations on the route, and/or the like. The systems and methods described herein may be
configured to collect traffic information for both historic traffic pattern and real-time traffic conditions.
[0023] The systems and methods described herein may be configured to use historic data as stochastic behavioral
trends, while using real-time data as deterministic (e.g., that the systems and method described herein may retrieve and
update in real-time or substantially real-time, or any other suitable period). For example, the systems and methods
describedhereinmaybeconfigured todefineacolorof a traffic light stochasticallyat thebeginningof the route,and retrieve
the current flow speed of a specific road section in real-time using navigation systems associated with the vehicle or
associated with a computing device. The systems andmethods described herein may be configured to use an enhanced
driver model (EDM) to generate or predict a speed profile based on the route and traffic information as well as information
generated at 202.
[0024] At 206, themethod 200analyzes segment energy usage using a physics-basedmodel and a road load equation.
For example, the systems andmethods described hereinmay be configured to determine battery energy consumption for
the predicted speed profile using a ML approach or a stochastic approach. The route may be composed of individual
segments. The systems andmethods described hereinmay be configured to identify speed profiles and elevation profiles
for each segment using the information generate at 202 and 204. The systems and methods described herein may be
configured to, using the road load equation and vehicle parameters, determine the energy at one or more wheels of the
vehicle that overcome aerodynamic drag, rolling resistance, and/or grade along with energy to accelerate and decelerate
on a given segment, using the physics-based model.
[0025] At 208, themethod 200 provides, as input to theMLmodel (e.g., whichmay include anML regressionmodel), for
each segment, the energy specifications alongwith additional information like segment length, expected travel timeon the
segment, battery state of charge (SoC) at the beginning of the segment, environmental conditions on the segment, and/or
any other suitable features (e.g., based on the specific vehicle application, and available information).
[0026] In some embodiments, theMLmodelmay be trained to predict the segment battery energy consumption and the
expected SoC at the end of the segment given the segment input features. The ML model may be used in a recursive
manner to estimate thebattery energy consumption for each segment on the route, as is generally illustrated at 250 inFIG.
4. The systemsandmethods described hereinmay be configured to sum the estimated battery energy consumption for all
the segments together to determine the total battery energy consumption for the remaining route. As the vehicle travels
along the route, the systems and methods described herein may be configured to update (e.g., at any suitable interval or
period) the battery energy consumption for the remaining route using updated traffic information, ambient conditions, and
based on the latest vehicle‑ operating conditions.
[0027] In some embodiments, the systems and methods described herein may be configured to reduce or eliminate
driver anxiety by selectively controlling propulsion of the vehicle according to a target speed profile or by providing
recommendations to the driver for achieving the target speed profile. As described herein, the target speed profilemay be
configured to achieve an optimum energy consumption for the vehicle along the route, which may increase the likelihood
that the vehicle will arrive at the destination before the vehicle battery is depleted.
[0028] The systems and methods described herein may be configured to reduced or eliminate the range anxiety of a
driver of a battery EV using a comprehensive set of route characteristics for the route to a driver-defined destination to
determine an optimized speed profile based on a driver-defined battery SoC to remain when the vehicle reaches the
destination. The systems and methods described herein may be configured to allow the driver to trade-off the remaining
SoC at the destination with travel time to the destination; provide updated end-of-trip SoC estimates and speed profiles
during the trip based on unexpected events along the route; allow the driver to update the desired destination SoC during
the trip; and/or alert the driver when a desired destination SoC is not achievable.
[0029] Thesystemsandmethodsdescribedhereinmaybeconfigured to reduce rangeanxietyof thedriver byhaving the
driver using one of various propulsion features, such as adaptive cruise control and the like, with the target vehicle speed
generated by an optimized target speed. The driver may use a human machine interface (HMI) to provide driver settings
that include, at least: a desired destination; a desired minimum destination SoC; a value indicating the preferred trade-off
between energy efficiency and travel time (e.g., an "aggressiveness factor"); a minimum value and a maximum value
defining a speed band around the speed limit acceptable to the driver; and/or any other suitable information. The systems
and methods described herein may be configured to determine an appropriate route to the destination and, based on the
defined route, acquire a set of characteristics for that route, whichmay include static route characteristics and/or dynamic
route characteristics. The static route characteristics may include: route and terrain (e.g., route distance, road topology,
elevation, and/or any other suitable characteristics); vehicle and battery characteristics (e.g., aerodynamic drag coeffi-
cient, rolling resistance, battery capacity, and/or any other suitable characteristics); environmental characteristics (e.g.,
time of day and/or any other suitable characteristics); and/or driving behavior characteristics (e.g., maximum acceler-
ation/deceleration and/or any other suitable characteristics. The dynamic route characteristics may include: route and
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terrain characteristics (e.g., traffic regulations, such as speed limits, traffic light, and/or stop-sign locations, traffic density,
vehicle location, and/or any other suitable characteristics); vehicle and battery characteristics (e.g., mass of the vehicle,
batterySoC,battery temperature,HVACsettings,and/oranyother suitablecharacteristics); environmental characteristics
(e.g., temperature, rain, wind speed and direction, and/or any other suitable characteristics); and/or driving behavior
characteristics (e.g., driver aggressiveness and/or any other suitable characteristics).
[0030] Based on the route characteristics and the driver settings, the systems and methods described herein may be
configured to determine whether an optimum target speed profile that results in a destination SoC that is greater than or
equal to the minimum destination SoC exists. Static route characteristics may include: route and terrain (e.g., route
distance, road topology, elevation, and/or any other suitable characteristics); vehicle and battery characteristics (e.g.,
aerodynamic drag coefficient, rolling resistance, battery capacity, and/or any other suitable characteristics); environ-
mental characteristics (e.g., time of day and/or any other suitable characteristics); and/or driving behavior characteristics
(e.g., maximum acceleration/deceleration and/or any other suitable characteristics. Dynamic route characteristics may
include: route and terrain characteristics (e.g., traffic regulations, such as speed limits, traffic light, and/or stop-sign
locations, traffic density, vehicle location, and/or any other suitable characteristics); vehicle and battery characteristics
(e.g., mass of the vehicle, battery SoC, battery temperature, HVAC settings, and/or any other suitable characteristics);
environmental characteristics (e.g., temperature, rain, wind speed and direction, and/or any other suitable character-
istics); and/or driving behavior characteristics (e.g., driver aggressiveness and/or any other suitable characteristics).
[0031] If an optimal target speed profile solution exists that meets the driver settings, the systems and methods
described herein may be configured to prompt the driver (e.g., using the HMI or other suitable display or interactive
mechanism) to engage the adaptive cruise control. The systems andmethods described herein may be configured to set
the adaptive cruise control speed based on the optimal target speed profile. Along the route, the systems and methods
described herein may be configured to recalculate the estimated destination SoC based on the updated route character-
istics. If at any point along the route, the estimated destination SoC becomes more than a definable threshold below the
driver desired minimum destination SoC, the systems and methods described herein may be configured to determine a
new optimal target speed profile to the destination, and assuming a solution exists, replace previous target speed profile
with the updated optimal target speed profile.
[0032] If at any point along the route an optimal target speed profile solution cannot be determined (.g., no feasible
solution exist to the given route characteristics and driver settings), the systems and methods described herein may be
configured todeterminea set of potential charging locations, present thepotential charging stations to thedriver, andallow
the driver to select among potential charging stations. Based on the driver selection, the systems andmethods described
herein may be configured to operate the vehicle as described to reach the charging point location, and will indicate the
minimumamount of chargingneeded toenablea feasible solution for theoptimal target speedprofilewithin theconstraints
of the driver settings. Once the vehicle is charged, the systems andmethods described herein may be configured to then
operate the vehicle as described to reach the ultimate driver destination.
[0033] In some embodiments, the systems and methods described herein may be configured to, if it is determined that
the vehicle should stop andbe charged to reach thedestination (e.g., within the constraints of the driver settings), optimize
the charge profile to minimize battery aging, within the constraints of the driver settings.
[0034] In some embodiments, the systems andmethods described hereinmay be configured to adapt to charges in the
driver settings while the vehicle traverses the route. In some embodiments, the systems and methods described herein
may be configured to, in addition to or alternatively to using the current HVAC settings, consider predicted HVAC settings
(e.g., and energy use through the end of the trip), which may be based on learned driver HVAC history.
[0035] In some embodiments, the systems and methods described herein may be configured to, in addition to or
alternatively to the driver providing the desired SoC at the destination, use a desired remaining range at the destination,
providedby thedriver In someembodiments, the systemsandmethodsdescribedhereinmaybeconfigured to receive, via
the driver settings, multiple destinations (e.g., a final destination, along with intermediate, waypoint destinations).
Additionally, or alternatively, the systems and methods describe herein may be configured to request the driver enter
a home location, and home charging availability, to account for the home destination charging opportunity.
[0036] In some embodiments, the systems and methods described herein may be configured to consider the price at
different charging locationsaspart of determining theappropriate charging locations,whennecessary to complete the trip.
In someembodiments, the systemsandmethods described hereinmaybe configured to allow the driver to enter a desired
arrival time at the final destination (e.g., in addition to or instead of the final, destination SoC), and provide, if feasible, the
required driving aggressiveness for the optimized driving profile and predicted final SoC.
[0037] In some embodiments, the systems and methods described herein may be configured to suggest remaining
rangeand chargingpoint basedon the availability of the charging stations. For example, the drivermay indicate a desire to
have50milesof range leftwhen thevehiclearrivesat thedesireddestination. If thesystemsandmethodsdescribedherein
determines that the nearest charging station from the destination is 70 miles away, the systems and methods described
herein may be configured to suggest 70 miles as the remaining range when the vehicle arrives at the desired destination.
[0038] In some embodiments, the systems andmethods described herein may be configured to determine, responsive
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to the driver not entering a destination, using most probable path information of a navigation system, one or more route
characteristics associated with a most probable path identified by the navigation system.
[0039] In some embodiments, the systems and methods described herein may be configured to identify at least one
route characteristic of a portion of a selected route. The systems and methods described herein may be configured to
determine a vehicle energy consumption profile for a vehicle based on at least historical data indicating energy
consumption of the vehicle for at least a portion of a route previously traversed by the vehicle having at least one route
characteristic corresponding to the at least one route characteristic of the portion of the selected route. The systems and
methods described herein may be configured to determine a current state of charge of a vehicle battery of the vehicle.
[0040] The systems and methods described herein may be configured to determine, for the selected route, a route
energy consumption profile (e.g., whichmay represent the predicted energy usage for the route) based on the at least one
route characteristic of the portion of the selected route and the vehicle energy consumption profile. The systems and
methods described hereinmay be configured to calculate an estimated remaining charge for the vehicle battery at an end
of the selected route based on the state of charge of the vehicle battery and the route energy consumption profile. The
systems and methods described herein may be configured to determine whether the estimated remaining charge for the
vehicle battery iswithin a vehicle battery charge range (e.g.,whichmay represent anacceptable range for proceedingwith
the route). The systems and methods described herein may be configured to, in response to a determination that the
estimated remaining charge is within the vehicle battery charge range, generate a first indication. The first indicationmay
include the estimated remaining charge for the vehicle battery at the end of the selected route.
[0041] The systems and methods described herein may be configured to, in response to a determination that the
estimated remaining charge is less thana lower limit of thevehicle battery charge range,generateasecond indication.The
second indication may include a warning indicating that the vehicle battery may be depleted before the vehicle arrives at
the end of the selected route. The systems and methods described herein may be configured to provide one of the first
indication and the second indication (e.g., based on the outcome of the determination of whether the remaining charge for
the vehicle battery is within the vehicle battery charge range). For example, the systems and methods described herein
may be configured to provide the first indication and/or the second indication at a display of the vehicle, at a mobile
computing device, to an autonomous controller of the vehicle, and/or the like.
[0042] In some embodiments, the systems and methods described herein may be configured to, in response to the
determination that the estimated remaining charge is less than the lower limit of the vehicle battery charge range,
determine a target vehicle speed profile based on the at least one route characteristic, the vehicle energy consumption
profile, and thestateof chargeof thevehiclebatteryandgenerate thesecond indication.Thesecond indicationmay further
includea recommendation to follow the target vehicle speedprofile toavoid depleting the vehicle batterybefore the vehicle
arrives at the end of the selected route. The systems and methods described herein may be configured to control
propulsion of the vehicle based on the target vehicle speed profile and/or by providing recommendations to an operator of
the vehicle to achieve the target vehicle speed profile.
[0043] FIG. 1 generally illustrates a vehicle 10 according to the principles of the present disclosure. The vehicle 10may
include any suitable vehicle, such as a car, a truck, a sport utility vehicle, a mini-van, a cross-over, any other passenger
vehicle, any suitable commercial vehicle, or any other suitable vehicle. While the vehicle 10 is illustrated as a passenger
vehicle having wheels and for use on roads, the principles of the present disclosure may apply to other vehicles, such as
planes, boats, trains, drones, or other suitable vehicles. The vehicle 10 includesa vehicle body12andahood14.Aportion
of the vehicle body 12 defines a passenger compartment 18. Another portion of the vehicle body 12 defines the engine
compartment 20. The hood 14 may be moveably attached to a portion of the vehicle body 12, such that the hood 14
provides access to the engine compartment 20 when the hood 14 is in a first or open position and the hood 14 covers the
engine compartment 20 when the hood 14 is in a second or closed position.
[0044] Thepassenger compartment 18 is disposed rearwardof the engine compartment 20. The vehicle 10may include
any suitable propulsion system including an internal combustion engine, one or more electric motors (e.g., an electric
vehicle), one ormore fuel cells, a hybrid (e.g., a hybrid vehicle) propulsion system comprising a combination of an internal
combustion engine, one or more electric motors, and/or any other suitable propulsion system. In some embodiments, the
vehicle 10may include a petrol or gasoline fuel engine, such as a spark ignition engine. In someembodiments, the vehicle
10 may include a diesel fuel engine, such as a compression ignition engine. The engine compartment 20 houses and/or
encloses at least some components of the propulsion system of the vehicle 10. Additionally, or alternatively, propulsion
controls, such as an accelerator actuator (e.g., an accelerator pedal), a brake actuator (e.g., a brake pedal), a steering
wheel, and other such components are disposed in the passenger compartment 18 of the vehicle 10. The propulsion
controls may be actuated or controlled by a driver of the vehicle 10 and may be directly connected to corresponding
components of the propulsion system, such as a throttle, a brake, a vehicle axle, a vehicle transmission, and the like,
respectively. In someembodiments, thepropulsioncontrolsmaycommunicatesignals toavehiclecomputer (e.g., driveby
wire) which in turn may control the corresponding propulsion component of the propulsion system.
[0045] In some embodiments, the vehicle 10 includes a transmission in communication with a crankshaft via a flywheel
or clutch or fluid coupling. In some embodiments, the transmission includes a manual transmission. In some embodi-
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ments, the transmission includes an automatic transmission. The vehicle 10may include one ormore pistons, in the case
of an internal combustion engine or a hybrid vehicle, which cooperatively operate with the crankshaft to generate force
which is translated through the transmission to oneormoreaxleswhich turnswheels 22.When thevehicle 10 includesone
or more electric motors, a vehicle battery and/or fuel cell provides energy to the electric motors to turn the wheels 22. In
caseswhere thevehicle10 includesavehiclebattery toprovideenergy to theoneormoreelectricmotors,when thebattery
is depleted, it may be connected to an electric grid (e.g., using a wall socket) to recharge the battery cells. Additionally, or
alternatively, the vehicle 10may employ regenerative brakingwhich uses the one ormore electricmotors of the vehicle 10
as a generator to convert kinetic energy lost due to decelerating back into stored energy in the battery.
[0046] The vehicle 10 may include automatic vehicle propulsion systems, such as a cruise control, an adaptive cruise
control, automatic braking control, other automatic vehicle propulsion systems, or a combination thereof. The vehicle 10
may be an autonomous or semi-autonomous vehicle, or other suitable type of vehicle. The vehicle 10 may include
additional or fewer features than those generally illustrated and/or disclosed herein.
[0047] FIG. 2 generally illustrates a block diagramof a vehicle propulsion control system100 according to the principles
of the present disclosure. The system 100 may be disposed within a vehicle, such as the vehicle 10. The system 100 is
configured to selectively control propulsion of the vehicle 10 and, in some embodiments, the system 100 is configured to
determine profiles for a target vehicle speed and/or a target vehicle torque split based on various input information (e.g.,
route information, vehicle characteristic information, traffic information, other suitable information, or a combination
thereof). The profiles of the target vehicle speed and/or the target vehicle torque split correspond to a vehicle speed at
which the vehicle 10 achieves an optimum energy consumption efficiency with respect to a portion of a route being
traversed by the vehicle 10.
[0048] In some embodiments, the system 100 may include a vehicle propulsion controller (VPC) 102, human machine
interface (HMI) controls 104, vehicle sensors 108, a torque controller 110, a brake controller 112, a torque split controller
116, a brake system118, a propulsion system120, and a display 122. In someembodiment, the display 122may include a
portion of a dashor console of the vehicle 10, a navigation display of the vehicle 10, or other suitable displays of the vehicle
10. In some embodiments, the display 122 may be disposed on a computing device, such as a mobile computing device
used by the driver. In some embodiments, the system 100 may include a propulsion adjustment controller (PAC) 124, a
global position system (GPS) antenna 126 in communication with a mapping characteristics module (not shown),
advanced driver assistance system (ADAS) modules 128, and a vehicle to other systems (V2X) communication module
130. The V2X communication module 130 may be configured to communication with other vehicles, other infrastructure
(e.g., such as traffic infrastructure, mobile computing devices, and/or other suitable infrastructure), a remote computing
device (e.g., the remote computing device 132), other suitable systems, or a combination thereof. Aswill be described, the
system 100 may be in communication with one or more remote computing devices 132. In some embodiments, at least
some of the components of the system 100 may be disposed in a propulsion control module (PCM) or other onboard
vehicle computing device. For example, at least the PAC 124 and the VPC 102may be disposed within the PCM. In some
embodiments, thesystem100maybeat least partially disposedwithin thePCMwhileother componentsof the system100
are disposed on a standalone computing device having a memory that stores instructions that when executed by a
processor cause theprocessor to carry out the operations of the components. For example, thePAC124maybedisposed
on a memory and executed by a processor. It should be understood that the system 100 may include any combination of
computing devices, either disposed locally in the vehicle 10 and/or disposed remotely, as will be described.
[0049] In someembodiments, theVPC102may include an automatic vehicle propulsion system. For example, theVPC
102may include a cruise control mechanism, an adaptive cruise control mechanism, an automatic braking system, other
suitable automatic vehicle propulsion system, or a combination thereof. Additionally, or alternatively, the VPC 102 may
include or be a portion of an autonomous vehicle system that controls all or a portion of vehicle propulsion, steering,
braking, safety, route management, other autonomous features, or a combination thereof. It should be understood that,
while only limited components of the system 100 are illustrated, the system 100 may include additional autonomous
components or other suitable components.
[0050] The VPC 102 is in communication with one or more human to machine interfaces (HMI) 104. The HMI controls
104 may include any suitable HMI. For example, the HMI controls 104 may include a plurality of switches disposed on a
steeringwheel of the vehicle 10, on thedashor console of the vehicle 10, or anyother suitable locationon the vehicle 10. In
some embodiments, theHMI controls 104may be disposed on amobile computing device, such as a smart phone, tablet,
laptop computer, or other suitable mobile computing device. In some embodiments, the driver of the vehicle 10 may
interfacewith the HMI controls 104 to use the VPC 102 to control vehicle propulsion and/or other features of the VPC 102.
For example, the driver may actuate an HMI switch of the HMI controls 104 disposed on the steering wheel of the vehicle
10. The HMI controls 104 may communicate a signal to the VPC 102. The signal may indicate a desired vehicle speed
selected by the driver. The VPC 102 generates a torque demand corresponding to the desired vehicle speed and
communicates the torque demand to a torque controller 110. The torque controller 110 is in communication with the
propulsion system 120 and/or other vehicle propulsion systems of the vehicle 10. The torque controller 110 selectively
controls the propulsion system 120 and/or the other vehicle propulsion systems using the torque demand to achieve the
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desired vehicle speed. The drivermay increase or decrease the desired vehicle speed by actuating additional switches of
the HMI controls 104. The VPC 102 may adjust the torque demand to achieve the increase or decrease in the desired
vehicle speed.
[0051] The VPC 102 may continuously adjust the torque demand in order to maintain the desired vehicle speed. For
example, the VPC 102 may be in communication with the vehicle sensors 108. The vehicle sensors 108 may include
cameras, speed sensors, proximity sensors, other suitable sensors as will be described, or a combination thereof. The
VPC 102 may receive a signal from the vehicle sensors 108 that indicates a current vehicle speed. The VPC 102 may
adjust the torque demand to adjust the vehicle speed when the signal indicates that the current vehicle speed is different
from the desired vehicle speed. For example, the vehicle 10 may traverse an incline that causes the vehicle 10 to reduce
current vehicle speed (e.g., because the torque demand applied by the torque controller 110 is insufficient to maintain
vehicle speed while on the incline). The VPC 102 may increase the torque demand in order adjust the current vehicle
speed, thereby achieving the desired vehicle speed.
[0052] In some embodiments, such aswhen the VPC102 includes an adaptive cruise controlmechanism, the VPC102
may adjust the torque demand based on the proximity of a lead vehicle (e.g., a vehicle immediately in front of the vehicle
10). For example, the VPC 102 may receive information from the vehicle sensors 108 indicating the presence of a lead
vehicle. The information may be captured by the vehicle sensors 108 using cameras, proximity sensors, radar, the V2X
communication module 130, other suitable sensors or input devices, or a combination thereof. The VPC 102 may
determinewhether tomaintain thedesiredvehicle speedor increaseordecrease the torquedemand inorder to increaseor
decrease the current vehicle speed. For example, the driver may indicate, using the HMI controls 104, to maintain pace
with the leadvehiclewhile keepingasafestoppingdistancebetween thevehicle10and the leadvehicle.TheVPC102may
selectively increase the torque demand if the lead vehicle is traveling faster than the vehicle 10 and may selectively
decrease the torque demand if the lead vehicle is traveling slower relative to the vehicle 10.
[0053] The VPC 102 may bring the vehicle 10 to a complete stop when the lead vehicle comes to a complete stop. For
example, the VPC 102 may be in communication with the brake controller 112 to send a plurality of signals over a period
indicating to the brake controller 112 to control vehicle braking (e.g., the VPC 102 may bring the vehicle to a stop over a
period so as not to suddenly stop the vehicle, however, in the case of a sudden stop of the lead vehicle, theVPC102 brings
the vehicle 10 to a sudden stop to avoid collisionwith the lead vehicle). The brake controller 112may be in communication
with the brake system 118. The brake system 118 may include a plurality of brake components that are actuated in
response to the brake controller 112 implementing braking procedures based on the plurality of signals from theVPC102.
In some embodiments, the VPC 102 may implement engine braking through a regenerative braking system by adjusting
the torque demand to allow the vehicle 10 to come to a stopwithout use of the brake system118 or theVPC102may use a
combinationof regenerativebrakingand thebrakesystem118 tobring thevehicle10 toacompletestop. Inorder to resume
vehicle propulsion control, the driver indicates to resume vehicle propulsion control using the HMI controls 104 (e.g., the
VPC102 is not configured to resumevehicle propulsion control without interaction from thedriver). In someembodiments,
thevehicle10may includeahigher level of automation includingahigher level of propulsioncontrol, asdescribed,andmay
include suitable controls for bringing the vehicle 10 to a complete stop without interaction with the driver of the vehicle 10.
[0054] In someembodiments, theVPC102maydeterminea torquesplit in order to utilize an internal combustionengine
and an electric motor of the vehicle 10 (e.g., in the case where the vehicle 10 is a hybrid vehicle). It should be understood
that while only an internal combustion engine and an electric motor are described, the vehicle 10 may include any hybrid
combination of any suitable vehicle engines and motors. The torque split indicates a portion of the torque demand to be
applied to the internal combustion engine and a portion of the torque demand to be applied to the electric motor. For
example, the electric motor may be used for vehicle propulsion when the torque demand is below a threshold. However,
when the torque demand is above the threshold (e.g., such as the case when the vehicle 10 is on a steep incline) the
internal combustion engine may provide at least a portion of vehicle propulsion in order to assist the electric motor. The
VPC102communicates the torquesplit to the torquesplit controller 116.The torquesplit controller 116 is in communication
with the propulsion system 120 to apply the torque split.
[0055] In some embodiments, the VPC 102 includes a plurality of safety controls. For example, the VPC 102 may
determine whether to increase or decrease the torque demand, thereby increasing or decreasing the desired vehicle
speed or current vehicle speed, based on input from the safety controls. The safety controls may receive input from the
vehicle sensors108.Forexample, thesafety controlsmay receiveproximity sensor information, camera information, other
information, or a combination thereof and may generate a safety signal that indicates to the VPC 102 to perform one or
more safety operations. For example, in the case of a lead vehicle coming to a sudden stop, the safety controls may
generate a safety signal, based on proximity information from the vehicle sensors 108, indicating to the VPC 102 to
immediately bring the vehicle 10 to a complete stop. In someembodiments, theVPC102may determinewhether to apply
the desired vehicle speed set by the driver using the HMI controls 104 based on the signal from the safety controls. For
example, the drivermay increase the desired vehicle speedwhichmay bring the vehicle 10 closer to the lead vehicle (e.g.,
the vehicle 10 would travel faster than the lead vehicle if the desired vehicle speed were achieved). The VPC 102 may
determine not to apply the desired vehicle speed, and insteadmayprovide an indication to thedisplay 122 indicating to the
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driver that increasing the desired vehicle speed may be unsafe or the VPC 102 may ignore the increase in the desired
vehicle speed. In some embodiments, the VPC 102 may be in communication with a transmission controller module
(TCM). The VPC 102 may receive information from the TCM (e.g., an automatically selected gear) and may determine
and/or adjust the total torque demand based on the information received from the TCM.
[0056] As described, the system 100 includes a PAC 124. The PAC 124 is configured to determine a profile for a target
vehicle speed based on, at least, route information of a route being traversed by the vehicle 10, vehicle parameters of the
vehicle 10, information about other vehicles proximate to the vehicle 10, traffic information, weather information, the
current vehicle speed, thedesiredvehicle speed, other information, or acombination thereof.Aswill bedescribed, thePAC
124may determine the profile for the target vehicle speed based on an energy consumption profile of the vehicle 10. The
energy consumption profile may be generated using the information described above and may indicate an optimum
energy consumption of the vehicle 10 for various route characteristics, such as road grades, curvatures, traffic, speed
limits, stop signs, traffic signals, other route characteristics, or a combination thereof.
[0057] The PAC 124 receives route characteristics (e.g., road grade characteristics, route distance, and route direc-
tions), vehicle parameters, trafficcharacteristics,weather characteristics, vehicle to vehicle parameters, other information
or characteristics, or a combination thereof. In some embodiments, the PAC 124 receives at least some of the route
characteristics from a mapping characteristics module based on location information from the GPS antenna 126. The
mapping characteristics module disposed within the vehicle 10 (e.g., within the system 100) or may be disposed on a
remote computing device, such as the remote computing device 132. When the mapping characteristics module is
disposed on the remote computing device 132, theGPSantenna 126may capture various global positioning signals from
various global positioning satellites or other mechanisms. TheGPS antenna 126may communicate the captured signals
to themappingcharacteristicsmodule. Themappingcharacteristicsmodulemaygenerate the route characteristicsbased
on the signals received from the GPS antenna 126 and communicate the route characteristics to the PAC 124. For
example, the PAC 124 may receive a route distance, route directions, road grade information of the route, other route
characteristics,most probablepath (MPP) information, or a combination thereof. In someembodiments, thePAC124may
receive traffic signal location information, traffic stop sign location information, posted speed limit information, lane shift
information, other route characteristics or information, or a combination thereof, from themapping characteristicsmodule
based on location information from the GPS antenna 126.
[0058] The PAC 124 may receive further vehicle parameters from the vehicle sensors 108. For example, the vehicle
sensors108may includeanenergy level sensor (e.g., a fuel level sensor orabattery chargesensor), anoil sensor, aspeed
sensor, aweight sensor, other suitable sensors, or a combination thereof. ThePAC124may receive an energy level of the
vehicle 10, a current weight of the vehicle 10, an oil condition of the vehicle 10, tire inflation information of the vehicle 10, a
current vehicle speed, engine temperature information, other suitable vehicle parameters of the vehicle 10, or a
combination thereof from the vehicle sensors 108. In some embodiments, the vehicle sensors 108 may include weather
sensors, such as, a precipitation sensor or moisture sensor, a barometric pressure sensor, an ambient temperature
sensor, other suitable sensors, or a combination thereof. The PAC 124may receive current weather information, such as
precipitation information, barometric pressure information, ambient temperature information, other suitable weather
information, or a combination thereof, from the vehicle sensors 108.
[0059] The PAC 124 may receive at least some of the route characteristics from the ADAS modules 128. The ADAS
modules 128mayassist the driver of the vehicle 10 to improvevehicle safety and roadsafety. TheADASmodules 128may
be configured to automate and/or adapt and enhance vehicle systems for safety and better driving. The ADAS modules
128may be configured to alert the driver of the vehicle 10 of upcoming traffic conditions or disabled vehicles and/or to alert
thevehicle 10of avehicle proximate to the vehicle10 inorder toavoid collisionsandaccidents. Further, theADASmodules
128may autonomously avoid collisions by implementing safeguards and taking over control of the vehicle 10, such as, by
automatic lighting, initiating adaptive cruise control (e.g., via the VPC 102) and collision avoidance (e.g., by controlling a
trajectory of the vehicle 10or bringing the vehicle 10 toa complete stop either using theVPC102or directly using thebrake
controller 112). The PAC 124 may receive information, such as traffic characteristics, vehicle proximity information,
disabled vehicle information, other suitable information, or a combination thereof, from the ADAS modules 128.
[0060] The PAC 124may receive, at least, some of the route characteristics from the V2Xmodule communication 130.
TheV2Xcommunicationmodule130 is configured to communicatewithother systemsproximateor remotely located from
the vehicle 10, as described, to obtain and share information, such as, traffic information, vehicle speed information,
construction information, other information, or a combination thereof. The PAC 124 may receive other vehicle speed
information, other vehicle location information, other traffic information, construction information, other suitable informa-
tion, or a combination thereof, from the V2X communication module 130.
[0061] ThePAC124may receive, at least, some of the route characteristics from the remote computing device 132. For
example, the PAC 124may receive further information regarding route distance, route directions, road grade information
of the route, traffic information, construction information, other vehicle location information, other vehicle speed informa-
tion, vehicle maintenance information of the vehicle 10, other route characteristics, or a combination thereof, from the
remote computing device 132. Additionally, or alternatively, the PAC124may receive vehicle parameters from the remote
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computing device 132, such as, a make and model of the vehicle 10, manufacturer provided energy consumption
efficiency of the vehicle 10, a weight of the vehicle 10, other vehicle parameters, or a combination thereof. In some
embodiments, the PAC 124 may receive traffic signal location information, traffic stop sign location information, posted
speed limit information, lane shift information, other route characteristics or information, or a combination thereof, from the
remote computing device 132. The remote computing device 132may include any suitable computing device or devices,
such as a cloud computing device or system, a remotely located server or servers, a remotely or proximately located
mobile computing device or application server that provides information to a mobile computing device, other suitable
remote computing devices, or a combination thereof. The remote computing device 132 is remotely located from the
vehicle10, suchas inadatacenterorother suitable location. In someembodiments, the remotecomputingdevice132may
be located within the vehicle 10 (e.g., a mobile computing device used by the driver of the vehicle 10).
[0062] In someembodiments, thePAC124may receive traffic signal information, suchas traffic signal phaseand timing
(SPaT) from a smart algorithm used by a traffic data provider. The SPaT information may indicate when traffic signals are
changing and/or the timing of traffic signals.
[0063] The PAC 124 may receive route characteristics and/or vehicle parameters from the driver of the vehicle 10. For
example, the driver may interact with an interface of the PAC 124, such as using the display 122 or using a mobile
computing device, to provide vehicle parameters of the vehicle 10, such as, vehicle weight, vehicle make and model,
vehicle age, vehicle maintenance information, vehicle identification number, a number of passengers, load information
(e.g., an amount of luggage or other load information), other vehicle parameters, or a combination thereof. Additionally, or
alternatively, the drivermay provide route characteristics, such as a routemap, route distance, other route characteristics,
or a combination thereof, to the PAC 124. In some embodiments, the PAC 124 learns behavior of the driver of the vehicle
10. For example, the PAC 124 monitors the driver’s vehicle speed relative to posted speed limits or whether the driver
implements a vehicle speed recommendation, as will be described, provided by the PAC 124.
[0064] In some embodiments, the PAC 124 may learn traffic patterns for known routes traversed by the vehicle 10. For
example, thePAC124may track traffic conditionswhile the vehicle 10 traverses one ormore routes on a routine or regular
basis. The PAC 124 may determine traffic patterns for the routes based on the monitored traffic conditions. In some
embodiments, the PAC 124 receives traffic patterns for a route the vehicle 10 is traversing from the remote computing
device 132, or from the mapping characteristics module based on the signals from the GPS antenna 126, as described.
[0065] It should be understood that the PAC 124may receive any characteristics or information associated with routes,
traffic, signage and signals, other vehicles, vehicle parameters of the vehicle 10, any other suitable characteristics or
information, including those described or not described here, from any of the components described or not described
herein. Additionally, or alternatively, the PAC 124 may be configured to learn any suitable characteristics or information
described or not described herein.
[0066] In someembodiments, thePAC124 is configured to control propulsion of the vehicle 10. ThePAC124may bean
integratedcomponent of theVPC102, ormaybeanoverlay component that communicateswithor interfaceswith theVPC
102 and/or other components of the vehicle 10. Additionally, or alternatively, the PAC 124 may be disposed on a mobile
computingdevice, suchasasmart phone that uses,at least, someof the informationdescribedabove, topresent thedriver
of the vehicle 10with a recommended vehicle speed. In some embodiments, the VPC102may include an adaptive cruise
control mechanism. As described, the adaptive cruise control mechanism is configured to maintain the desired vehicle
speed provided by the driver of the vehicle 10 using the HMI controls 104, and the adaptive cruise control mechanism is
configured to maintain a safe distance between the vehicle 10 and a lead vehicle. Further, the adaptive cruise control
mechanism is configured to bring the vehicle 10 to a complete stop in response to the lead vehicle coming to a complete
stop. As described, the adaptive cruise controlmechanism is incapable of restarting vehicle propulsionwithout interaction
from thedriver of the vehicle 10. Additionally, the adaptive cruise controlmechanism is incapable of bringing the vehicle 10
toacompletestop in theabsenceofa leadvehicle.Accordingly, theVPC102 (e.g., theadaptive cruise controlmechanism)
cannot take advantage of energy efficient vehicle propulsion control (e.g., such as a coasting to a stop in response to a
determination that vehicle 10 is approaching a stop sign). The PAC 124 is configured to determine a target vehicle
propulsion profile, whichmay include one ormore target vehicle speeds and one ormore target torque splits, based on an
energy consumption profile for the vehicle 10. The PAC 124may determine a target torque demand based on profiles of a
target vehicle speed and/or a target torque split.
[0067] In some embodiments, the PAC 124 determines the vehicle energy consumption profile using the information
described above. For example, the PAC 124 may determine the vehicle consumption profile using a vehicle weight,
manufacturer provided vehicle energy efficiency, historical data corresponding to the vehicle 10 or similar vehicles
indicating energy consumption of the vehicle 10 or similar vehicleswhile traversing portions of a particular route or specific
road grades, or other suitable route or road information, other suitable vehicle parameters, or a combination thereof. The
vehicle energy consumption profilemay indicate that the vehicle 10 consumes a specified amount of energy (e.g., within a
tolerance range) while operating at a specific vehicle speed (within a tolerance) while traversing routes having particular
road, traffic, and other conditions. For example, the energy consumption of the vehicle 10maybegreaterwhen the vehicle
10 is on an incline andmay be lesswhen the vehicle 10 is coasting to a stop. In some embodiments, the PAC124 receives
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or retrieves a vehicle energy profile for the vehicle 10 determined remotely from the vehicle 10, such as by the remote
computing device 132.
[0068] The PAC 124 is configured to use the vehicle energy consumption profile and various route characteristics (e.g.,
including route characteristics of a selected route and/or route characteristics associated with an MPP) to determine the
profiles for the target vehicle speed and/or target torque split for a portion of a route being traversed by the vehicle 10. For
example, the PAC 124may determine that the vehicle 10 is approaching a particular variation in grade over the portion of
the route being traversed by the vehicle 10. ThePAC124 uses the vehicle energy consumption profile to identify a vehicle
speed (within a threshold range of the desired vehicle speed provided by the driver to the VPC 102) and/or a torque split
having an optimumenergy consumption for the grade variation of the portion of the route being traversed by the vehicle. In
some embodiments, the PAC 124may determine the vehicle speed and torque split using historical energy consumption
for a known route, such as a route previously traversed by the vehicle 10 or similar vehicles. The PAC 124 determines a
target torque demand from the identified vehicle speed and determines a target torque split from the identified torque split.
It should be understood that the PAC 124 continuously monitors the various characteristics received, as described, and
continues to generate profiles for target vehicle speeds and/or target torque splits, such that, the vehicle 10 maintains an
optimum or improved energy consumption while maintaining driver and/or passenger comfort (e.g., by avoiding sudden,
unnecessary charges in vehicle speed).
[0069] In someembodiments, thePAC124maybeconfigured todeterminewhen thevehicle 10should coast to achieve
optimum or improved energy consumption of the vehicle 10. For example, the PAC 124may use known traffic conditions,
as described, to determine when the vehicle 10 should coast. Additionally, or alternatively, the PAC 124 may learn traffic
conditions, as described, andmaydeterminewhether the vehicle 10 should coast in areas alonga route known to typically
have traffic based, for example, on time of day. In some embodiments, the PAC 124 may use SPaT information to
determinewhen thevehicle 10should coast in response toachange in trafficsignals.Additionally, or alternatively, thePAC
124maydetermine to increase the target vehicle speedassociatedwith the profile for the target vehicle speed (e.g., within
the posted speed limit) in order to increase a likelihood that the vehicle 10will arrive at a traffic signal while the traffic signal
indicates to proceed, whichmay allow the vehicle 10 to avoid having to stop at traffic signals, based on traffic single timing.
[0070] In some embodiments, the PAC 124may be configured to calculate a coast function and/or a road load function
(see the Equation (2)) to identify particular vehicle parameters using velocity dependent resistance force. Parameters of
the road load function include, vehicle parameters, such as vehicle mass or weight, vehicle rolling friction, vehicle drag
coefficient, other vehicle parameters, or a combination thereof, which may be received by the PAC 124, as described.
These parameters can then be updated using a coast self-learning function, such that thePAC124 identifies or requests a
coast sequence, (e.g., from historical information and/or from the remote computing device 132) and calculates the coast
function result. ThePAC124may calculate the coast functionwhen requested by the driver of the vehicle 10whowould be
prompted to perform a particular learning maneuver by the PAC 124, or could be learned in the background.
[0071] Equation (2) Velocity dependent resistive forces: F = wind, tires, bearings, and other forces plus acceleration
dependent inertial forces plus grade dependent gravitational forces:

F = (A + (B * v) + (C * v2)) + ((1 + drive axle % + non-drive axle %) * (Test Mass * acceleration)) + (Test Mass * g * sin
(arc tan(grade %)))

[0072] WhereA represents the resistive force that is constant anddoesnot varywith velocity (e.g., bearings, seals, tires,
etc.,), B represents the resistive force that varies linearly with velocity (e.g., drive train, differential, etc.), andC represents
the resistive force that varies with the square of velocity (e.g., wind, tire deformation, etc.)
[0073] Asdescribed, thePAC124maycontrol or interfacewith theVPC102and/or interfacewith thedriver of thevehicle
10 in order to achieve the target vehicle speed and/or target torque split profiles, whichmay result in optimumor improved
energy consumptionefficiencyof the vehicle 10.Additionally, or alternatively, thePAC124maycontrol or interfacewith the
VPC 102 in order to bring the vehicle 10 to a complete stop in response to the vehicle 10 approaching a stop sign, traffic
signal, traffic, disabled vehicle, or other suitable conditions. ThePAC124mayalso control or interfacewith theVPC102 in
order to resume vehicle propulsion after the vehicle 10 has come to a complete stop.
[0074] In some embodiments, the PAC 124 may control or interface with the VPC 102 using virtual inputs in order to
achieve the target vehicle speed and/or target torque split profiles. As described, the VPC 102 may receive a desired
vehicle speed from the driver of the vehicle 10 using theHMI controls 104. Additionally, or alternatively, the VPC102 (e.g.,
when the VPC102 includes an adaptive cruise control mechanism)may adjust the desired vehicle speed in response to a
lead vehicle’s speed.
[0075] In some embodiments, the PAC124 initializes the VPC102 using the desired speed provided by the driver of the
vehicle 10 thefirst time thedriver of the vehicle 10engages theVPC102duringa keycycle.ThePAC124may thenprovide
the virtual inputs to the VPC 102 in order to control vehicle speed to achieve optimum or improved energy consumption
efficiency of the vehicle 10. In some embodiments, the PAC 124 may generate a virtual input that includes a virtual HMI
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signal that, when received by the VPC 102, may cause the VPC 102 to be enabled, be disabled, and/or to set or adjust the
current vehicle speed. ThePAC124generates the virtualHMI signal basedon target vehicle speedprofile. ThePAC124 is
in communication with and/or interfaces with the HMI controls 104. The PAC 124 substitutes HMI signals provided by the
driver of the vehicle 10 with the virtual HMI signal generated by the PAC 124. The VPC 102, as described, includes a
plurality of safety controls. The VPC 102 then applies the target vehicle speed associated with the target vehicle speed
profile indicatedby the virtualHMI signal, in the samemanner theVPC102appliesadesiredvehicle speedprovidedby the
driver using the HMI controls 104, as described. The VPC 102 may determine whether to apply the target vehicle speed
and/or the target torque split indicated by the virtual HMI signals based on the safety controls.
[0076] In someembodiments, thePAC124 generates a virtual input that includes a virtual lead car in order to control the
VPC 102 to bring the vehicle 10 to a complete stop in the absence of an actual lead car. For example, the PAC 124 may
bring the vehicle 10 to a stop as the vehicle 10 approaches a stop sign, a traffic signal, traffic, a disabled vehicle, or other
suitable stopping conditions that the vehicle 10 may encounter, as described. The PAC 124 substitutes information
receivedby theVPC102 from thevehicle sensors108 (e.g., information theVPC102uses todetect anactual leadcar)with
virtual information, signals, and/or inputs corresponding to the virtual lead car.
[0077] The VPC 102 detects the presence of the virtual lead car and performs operations associated with following a
lead car (e.g., maintain a safe distance between the vehicle 10 and the lead car, keeping pace with the lead car, and
bringing the vehicle to a stop in response to the lead car being within an object range of the vehicle 10 and coming to a
complete stop). The PAC 124 may then control a virtual speed of the virtual lead car based on the target vehicle speed
profile.TheVPC102may thenadjust thecurrent vehicle speedof thevehicle10 to follow thevirtual leadcar. In thismanner,
the PAC 124 may achieve the target vehicle speed profile of the vehicle 10 to provide optimum or improved energy
consumption efficiency of the vehicle 10.While the PAC 124 is controlling the VPC 102 using the virtual inputs described,
the vehicle sensors 108, such as cameras, radar, proximity sensors, and the like, continue to provide information to the
VPC102, such that,while theVPC102 isapplyingor following thevirtual inputsprovidedby thePAC124, theVPC102may
continue to detect actual vehicles or objects in front of the vehicle 10. The safety controls of the VPC 102 are configured to
override theVPC102, including the virtual inputs providedby thePAC124, to safely bring the vehicle 10 to a complete stop
or increase or decrease vehicle speed in response to the information from the vehicle sensors 108
[0078] In some embodiments, the PAC 124 may be in direct communication with the VPC 102 and the torque split
controller 116 to provide recommended target torque demands and target torque splits to theVPC102 and the torque split
controller 116, respectively, to achieve an optimum or improved energy consumption efficiency of the vehicle 10. For
example, the VPC 102 may be configured to receive HMI signals (e.g., as described), to follow a lead vehicle based on
information from the vehicle sensors 108 (e.g., as described), and to receive a recommended target vehicle speed signal
from the PAC 124. TheVPC102may determinewhether to apply the target vehicle speed indicated by the recommended
target vehicle speed signal, for example, based on the driver input, the detection of a lead vehicle, and/or the safety
controls of the VPC 102.
[0079] The torque split controller 116maybe configured to receive a recommended torque split signal from theVPC102
based on the driver input, as described, and may be configured to receive a recommended target torque split signal from
the PAC 124. It should be understood that the PAC 124 may communicate the recommended target torque split signal to
the VPC 102, which thenmay communicate the recommended target torque split signal and/or the recommended torque
demand signal (e.g., generated by the VPC 102) to the torque split controller 116. The torque split controller 116
determines whether to apply the target torque split indicated by the recommended target toque split signal based on
a comparison to the torque split indicated by the recommended torque split signal provided by the VPC 102 and/or based
on an existing propulsion state of the vehicle 10 (e.g., including diagnostic conditions).
[0080] In some embodiments, the PAC 124 may communicate with the display 122 to provide an indicator to the driver
that the vehicle speed is changing in order to improve energy consumption efficiency of the vehicle 10. For example, the
PAC 124may use the display 122 to illustrate an energy efficiency symbol that indicates to the driver of the vehicle 10 that
the vehicle speed is changing in order to improve energy consumption efficiency of the vehicle 10.
[0081] In some embodiments, as described, the VPC 102 may not include an adaptive cruise control system and may
includeabasic cruise control system.Additionally, or alternatively, thedriver of the vehicle10maynot engage theVPC102
in order to control propulsion of the vehicle 10 (e.g., the driver of the vehicle 10 may control propulsion manually).
Accordingly, the PAC 124 is configured to provide a recommendation to the driver indicating a target vehicle speed of a
target vehicle speed profile. The recommendation may be provided to the driver of the vehicle 10 using one or more
integrateddisplaysof thevehicle 10, suchas thedisplay122whichmay includeaportionof adashor consoleof thevehicle
10, a navigation display of the vehicle 10, or other suitable integrated displays of the vehicle 10. In someembodiments, the
recommendationmaybeprovided to thedriver of thevehicle10usingamobile computingdevicewithin thevehicle10. The
recommendation may include a symbol or textual information that indicates to the driver of the vehicle 10 to increase or
decrease vehicle speed. Additionally, or alternatively, the recommendation can include a coast recommendation that is
displayed for a calibratable amount of time and is then withdrawn in response to the driver of the vehicle 10 ignoring the
recommendation. The recommendation can include information indicating that the recommendation is in response to a
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charge in speed limit, a stop sign being approached by the vehicle 10, traffic signal timing, and status, or other information.
The information may be visually displayed and may decay as the vehicle 10 recommendation becomes obsolete.
[0082] The driver of the vehicle 10 may determine to honor the recommendation and charge the vehicle speed
accordingly, or the driver may choose to ignore the recommendation. The PAC 124 may be configured to monitor drive
action in response to the recommendation to determinewhether the driver of the vehicle 10 honored the recommendation
or ignored the recommendation. The PAC 124 may determine whether to adjust recommendations based on the
monitored driver action. For example, the PAC 124 may determine not to recommend coasting in response to the driver
ignoring a threshold number of coasting recommendations. Additionally, or alternatively, the PAC 124 may determine,
using themonitored driver action and the route traversed by the vehicle 10, whether the driver of the vehicle 10 honors the
recommendation at certain portions of the route and ignores the recommendations at other portions of the route. ThePAC
124may selectively provide the recommendations to the driver of the vehicle 10 based on themonitored driver action and
the vehicle route. Additionally, or alternatively, thePAC124maymonitor the driver action in response to the recommenda-
tion based on traffic patterns, stop signs, traffic signals, and the like. The PAC 124 may selectively determine whether to
provide the driver of the vehicle 10 the recommendations based on the monitored driver action in response to traffic
patterns, stop signs, traffic signals, and the like.
[0083] In some embodiments, the PAC 124may be configured to estimate a remaining range of a vehicle battery of the
vehicle 10. For example, the PAC 124 may identify at least one route characteristic of a portion of a selected route, as
described. The PAC 124 may determine the vehicle energy consumption profile for the vehicle 10 based on at least
historical data indicating energy consumption of the vehicle for at least a portion of a route previously traversed by the
vehicle having at least one route characteristic corresponding to the at least one route characteristic of the portion of the
selected route.
[0084] In someembodiments, thePAC124maynot receivea selected route. For example, theoperator of the vehicle 10
may use the vehicle 10 to traverse any route without utilizing a route selection. The mapping characteristics module or
other suitablenavigation systemof thevehicle 10mayprovide to thePAC124anMPPstartingwith acurrent locationof the
vehicle 10. The MPP may include at least one route segment that the vehicle 10 is most likely to traverse. The mapping
characteristicsmodel or other suitablenavigation systemmaydetermine theat least one route segment that the vehicle 10
ismost likely to traversebybasedonhistorical information of the vehicle 10 (e.g., including, but not limited to, any historical
information of the vehicle 10 described herein), historical information of one ormore other vehicles (e.g., including, but not
limited to, any historical information of any of the vehicles described herein), and/or any other suitable information.
[0085] For example, the PAC 124 may receive MPP information for the expected route to be followed over a relatively
short distance (e.g., between a current location of the vehicle 10 and an upcoming intersection or other suitable location).
TheMPP informationmaycorrespond toapredicteddestination for thevehicle 10andamost likely route for theoperator to
follow to thatdestination. Themappingcharacteristicsmoduleorother suitablenavigationsystemmaydetermine theMPP
information be based on the past behavior of other operators alone (e.g., most operators at the current location of the
vehicle 10 and heading in a current direction of the vehicle 10, follow a particular route forward), personal information for
the current operator of the vehicle 10 that has been collected and analyzed (e.g., on certain days and times the operator
goes to a certain location, a series of locations, and the like), and/or any other suitable information associated with the
vehicle 10, other vehicles the operator of the vehicle 10 and/or other operators of other vehicles.
[0086] ThePAC124may identify at least one route characteristic of at least a portion of a route segment associatedwith
theMPP.ThePAC124maydetermine the vehicle energy consumptionprofile for the vehicle 10basedonat least historical
data indicating energy consumption of the vehicle for at least a portion of a route previously traversed by the vehicle 10
having at least one route characteristic corresponding to the at least one route characteristic of the portion of the route
segment associated with the MPP.
[0087] The PAC 124may determine a current SoC of a vehicle battery of the vehicle 10. For example, the PAC 124may
receive data from one or more of the sensors of the vehicle 10, including, but not limited to, a battery sensor configured to
determine theSoCof the vehicle battery. It should beunderstood thatwhile a single vehicle battery is described herein, the
vehicle 10may include any suitable number of batteries and the PAC124may estimate the remaining range of the vehicle
10using theSoCofeachbattery.THEsPAC124mayuseastateofenergyof thebattery inaddition toor insteadof thestate
of charge of the battery.
[0088] The PAC 124may determine, for the selected route or the MPP, a route energy consumption profile (e.g., which
may represent the predicted energy usage for the route) based on the at least one route characteristic of the portion of the
selected routeor theMPPand thevehicleenergyconsumptionprofile.ThePAC124maycalculateanestimated remaining
charge for the vehicle battery at an end of the selected route or theMPPbased on the state of charge of the vehicle battery
and the route energy consumption profile. ThePAC124maydeterminea remainingenergy rangeof the vehicle in addition
to or instead of the remaining charge of the battery.
[0089] The PAC 124 may determine whether the estimated remaining charge for the vehicle battery is within a vehicle
battery charge range (e.g., which may represent an acceptable range for proceeding with the route). The vehicle battery
charge rangemay include an upper limit and a lower limit. The vehicle battery charge rangemay be set by the driver (e.g.,
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asoneof the driver settings) or programmatically set during vehicle componentmanufacturing. The vehicle battery charge
rangemay include a rangeof valueswith the lower limit being set to a number ofmiles of the selected route or theMPPand
the upper limit being set a predetermined number of miles greater than the lower limit. It should be understood that the
vehicle battery charge range by include any suitable range. The PAC 124 may, in response to a determination that the
estimated remaining charge is within the vehicle battery charge range, generate a first indication. The first indicationmay
include the estimated remaining charge for the vehicle battery at the end of the selected route or the MPP.
[0090] ThePAC124may, in response to a determination that the estimated remaining charge is less than a lower limit of
the vehicle battery charge range, generate a second indication. The second indication may include a warning indicating
that the vehicle batterymay be depleted before the vehicle 10 arrives at the end of the selected route or theMPP. ThePAC
124 provide one of the first indication and the second indication (e.g., based on the outcome of the determination of
whether the remaining charge for the vehicle battery iswithin the vehicle battery charge range). For example, thePAC124
may provide the first indication and/or the second indication at a display, such as the display 122, of the vehicle 10, at a
mobile computing device, to an autonomous controller of the vehicle 10, and/or the like.
[0091] In someembodiments, thePAC124may, in response to thedetermination that theestimated remaining charge is
less than the lower limit of the vehicle battery charge range, determine a target vehicle speed profile based on the at least
one route characteristic, the vehicle energy consumption profile, and the state of charge of the vehicle battery. The PAC
124may generate the second indication. The second indicationmay further include a recommendation to follow the target
vehicle speed profile to avoid depleting the vehicle battery before the vehicle 10 arrives at the end of the selected route or
the MPP. The PAC 124 may control propulsion of the vehicle 10 based on the target vehicle speed profile and/or by
providing recommendations to an operator of the vehicle to achieve the target vehicle speed profile, as described herein.
[0092] In some embodiments, the PAC 124 and/or the VPC 102may perform themethods described herein. However,
themethods described herein as performed by the PAC124 and/or theVPC102 are notmeant to be limiting, and any type
of software executed on a controller can perform the methods described herein without departing from the scope of this
disclosure. For example, a controller, such as a processor executing software within a computing device onboard the
vehicle 10, can perform the methods described herein.
[0093] FIG. 5 is a flow diagram generally illustrating a vehicle propulsion control method 300 according to the principles
of the present disclosure. At 302, the method 300 receives vehicle parameters. For example, the PAC 124 may receive
various vehicle parameters of the vehicle 10 from any of the components described herein.
[0094] At 304, themethod 300 determines a vehicle energy consumption profile. For example, thePAC124 determines
the energy consumption profile for the vehicle 10 using the vehicle parameters and/or other route characteristics, such as
historical route characteristics associatedwith routespreviously traversedby the vehicle, route characteristics associated
with routes previously traversed by similar vehicles (e.g., from the remote computing device 132 and/or the V2X
communication module 130, other suitable route characteristics, or a combination thereof.
[0095] At 306, the method 300 receives route characteristics. For example, the PAC 124 receives various route
characteristics (e.g., route characteristics for a route the vehicle 10 is either currently traversing or will traverse) and other
information from any other components described herein. In some embodiments, the method continues at 308. In some
embodiments, the method continues at 310.
[0096] At 308, themethod300determinesprofiles for a target vehicle speedand/or a target toquesplit. For example, the
PAC 124 determines profiles for a target vehicle speed and/or a target torque split based on the vehicle parameters, the
route characteristics, the energy consumption profile of the vehicle 10, other information received, as described, from the
various components described herein. The profiles of the target vehicle speed and/or target vehicle torque split
correspond to a vehicle speed and/or a torque split that, when achieved by the vehicle 10, provide an optimum, or
improved energy consumption efficiency of the vehicle 10.
[0097] At 310, the method 300 generates at least one virtual input. For example, the PAC 124 generates at least one
virtual input. The virtual input may include a virtual HMI signal and/or a virtual lead vehicle. The virtual input, when applied
by the VPC 102, achieves the target vehicle speed and/or the target torque split.
[0098] At 312, the method 300 provides the virtual input to the vehicle propulsion controller. For example, the PAC 124
may substitute HMI signals communicated from the HMI controls 104 based on input from the driver of the vehicle 10 with
thevirtualHMIsignals.Additionally, or alternatively, thePAC124maysubstitutevehiclesensor informationprovidedby the
vehicle sensors108 to indicate thevirtual leadvehicle to theVPC102.Forexample, theVPC102mayapply thevirtualHMI
signals and/or may follow the virtual lead vehicle in order to achieve the target vehicle speed and/or torque split. For
example, the PAC 124 may continuously update the target vehicle speed and/or target torque split as the vehicle 10
continues to traverse the route and based on updated traffic information, vehicle information, route information, other
information, or a combination thereof.
[0099] FIG. 6 is a flow diagram generally illustrating an alternative vehicle propulsion control method 400 according to
the principles of the present disclosure. At 402, the method 400 receives vehicle parameters. For example, the PAC 124
may receive various vehicle parameters of the vehicle 10 from any of the components described herein.
[0100] At 404, themethod 400 determines a vehicle energy consumption profile. For example, thePAC124 determines

16

EP 4 516 564 A1

5

10

15

20

25

30

35

40

45

50

55



the energy consumption profile for the vehicle 10 using the vehicle parameters and/or other route characteristics, such as
historical route characteristics associatedwith routespreviously traversedby the vehicle, route characteristics associated
with routes previously traversed by similar vehicles (e.g., from the remote computing device 132 and/or the V2X
communication module 130, other suitable route characteristics, or a combination thereof..
[0101] At 406, the method 400 receives route characteristics. For example, the PAC 124 receives various route
characteristics (e.g., route characteristics for a route the vehicle 10 is either currently traversing or will traverse) and other
information from any other components described herein. In some embodiments, the method continues at 408. In some
embodiments, the method continues at 410.
[0102] At 408, themethod400determinesprofiles for a target vehicle speedand/or a target toquesplit. For example, the
PAC 124 determines profiles for a target vehicle speed and/or a target torque split based on the vehicle parameters, the
route characteristics, the energy consumption profile of the vehicle 10, other information received, as described, from the
various components described herein. The profiles for the target vehicle speed and/or target vehicle torque split
correspond to a vehicle speed and/or a torque split that, when achieved by the vehicle 10, provide an optimum, or
improved energy consumption efficiency of the vehicle 10.
[0103] At 410, the method 400 generates a vehicle propulsion controller signal. For example, the PAC 124 is in direct
communicationwith theVPC102 andmayprovide signals as an input to theVPC102. ThePAC124generates the vehicle
propulsion controller signal based on the target vehicle speed. The vehicle propulsion controller signal may be referred to
as a recommended target vehicle speed.
[0104] At 412, the method 400 generates a torque split controller signal. For example, the PAC 124 may be in direct
communication with the torque split controller 116 andmay provide signals as inputs to the torque split controller 116. The
PAC 124 generates the torque split controller signal based on the target torque split. The torque split controller signal may
be referred to as a recommended target torque split.
[0105] At 414, themethod 400 provides the vehicle propulsion controller signal and the torque split controller signal. For
example, the PAC 124may provide the vehicle propulsion controller signal to the VPC 102. The VPC 102may determine
whether to apply the target vehicle speed indicated by the vehicle propulsion controller signal, as described. ThePAC124
may provide the torque split controller signal to the torque split controller 116 or may provide the torque split controller
signal to the VPC 102, which then may provide the torque split signal to the torque split controller 116. The torque split
controller 116 may then determine whether to apply the torque split indicated by the torque split controller signal, as
described.Thevehicle propulsioncontroller signal and torquesplit controller signal correspond toa vehicle speedand/or a
torque split that, when achieved by the vehicle 10, provide an optimum, or improved energy consumption efficiency of the
vehicle 10. For example, the PAC 124 may continuously update the target vehicle speed and/or target torque split as the
vehicle 10 continues to traverse the route and based on updated traffic information, vehicle information, route information,
other information, or a combination thereof.
[0106] FIG. 7 is a flow diagram generally illustrating an alternative vehicle propulsion control method 500 according to
the principles of the present disclosure. At 502, the method 500 receives vehicle parameters. For example, the PAC 124
may receive various vehicle parameters of the vehicle 10 from any of the components described herein.
[0107] At 504, themethod 500 determines a vehicle energy consumption profile. For example, thePAC124 determines
the energy consumption profile for the vehicle 10 using the vehicle parameters and/or other route characteristics, such as
historical route characteristics associatedwith routespreviously traversedby the vehicle, route characteristics associated
with routes previously traversed by similar vehicles (e.g., from the remote computing device 132 and/or the V2X
communication module 130, other suitable route characteristics, or a combination thereof..
[0108] At 506, the method 500 receives route characteristics. For example, the PAC 124 receives various route
characteristics (e.g., route characteristics for a route the vehicle 10 is either currently traversing or will traverse) and other
information from any other components described herein. In some embodiments, the method continues at 508. In some
embodiments, the method continues at 510.
[0109] At 508, the method 500 determines profiles for a target vehicle speed. For example, the PAC 124 determines a
profile for a target vehicle speed based on the vehicle parameters, the route characteristics, the energy consumption
profile of the vehicle 10, other information received, as described, from the various components described herein. The
profile for the target vehicle speed corresponds to a vehicle speed that, when achieved by the vehicle 10, provide an
optimum or improved energy consumption efficiency of the vehicle 10.
[0110] At 510, the method 500 generates a vehicle speed recommendation. For example, the PAC 124 generates a
vehicle speed recommendation based on the profile of the target vehicle speed.
[0111] At 512, themethod500provides the vehicle speed recommendation to thedriver. For example, thePAC124may
provide thevehicle speed recommendation to thedriver of thevehicle10using thedisplay122, amobile computingdevice,
or other suitable devicesor displays capable of providing the vehicle speed recommendation to thedriver of the vehicle 10.
For example, the driver of the vehicle 10 may honor the vehicle speed recommendation or ignore the vehicle speed
recommendation. The vehicle speed recommendation corresponds to a vehicle speed, when achieved by the vehicle 10,
provide an optimum, or improved energy consumption efficiency of the vehicle 10. For example, the PAC 124 may
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continuously update the profile of the target vehicle speed split as the vehicle 10 continues to traverse the route andbased
on updated traffic information, vehicle information, route information, other information, or a combination thereof.
[0112] FIG. 8 is a flowdiagramgenerally illustrating a remaining vehicle battery range estimationmethod 600 according
to theprinciples of thepresent disclosure.At 602, themethod600 identifiesat least one route characteristic of aportionof a
selected route. For example, the PAC 124 may identify the at least one route characteristic of the portion of the selected
route.
[0113] At 604, themethod 600 determines a vehicle energy consumption profile for a vehicle based on at least historical
data indicating energy consumption of the vehicle for at least a portionof a route previously traversedby the vehicle having
at least one route characteristic corresponding to the at least one route characteristic of the portion of the selected route.
For example, the PAC 124 may determine the vehicle energy consumption profile for the vehicle 10 based on at least
historical data indicating energy consumption of the vehicle 10 for at least a portion of a route previously traversed by the
vehicle 10havingat least one route characteristic corresponding to theat least one route characteristic of theportion of the
selected route.
[0114] At 606, themethod 600 determines a current state of charge of a vehicle battery of the vehicle. For example, the
PAC 124 may determine the current state of charge of the vehicle battery of the vehicle 10.
[0115] At 608, the method 600 determines, for the selected route, a route energy consumption profile based on the at
least one route characteristic of the portion of the selected route and the vehicle energy consumption profile. For example,
the PAC 124 may determine, for the selected route, a route energy consumption profile based on the at least one route
characteristic of the portion of the selected route and the vehicle energy consumption profile.
[0116] At 610, themethod 600 calculates an estimated remaining charge for the vehicle battery at an endof the selected
route based on the state of charge of the vehicle battery and the route energy consumption profile. For example, the PAC
124maycalculate theestimated remaining charge for the vehicle battery at anendof the selected route basedon the state
of charge of the vehicle battery and the route energy consumption profile.
[0117] At 612, the method 600 determines whether the estimated remaining charge for the vehicle battery is within a
vehicle battery charge range. For example, the PAC 124 may determine whether the estimated remaining charge for the
vehicle battery is within a vehicle battery charge range.
[0118] At 614, themethod 600, in response to a determination that the estimated remaining charge is within the vehicle
battery charge range, generates a first indication. For example, the PAC 124 may generate, in response to the
determination that the estimated remaining charge is within the vehicle battery charge range, the first indication.
[0119] At 616, the method 600 provides the first indication. For example, the PAC 124 may provide the first indication.
[0120] FIG. 9 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimation method
700 according to the principles of the present disclosure. At 702, the method 700 receives, from the HMI controls 104, a
minimum desired SoC at the destination, a minimum and maximum band around speed limit, and an aggressiveness
factor. For example, the PAC 124 may receive, from the HMI controls 104, a minimum desired SoC at the destination, a
minimum and maximum band around speed limit, and an aggressiveness factor.
[0121] At 704, the method 700 receives, from the HMI controls 104, a desired destination. For example, the PAC 124
may receive, from the HMI controls 104, the desired destination.
[0122] At 706, themethod700 selects a route to thedesired destination. For example, thePAC124may select a route to
the desired destination.
[0123] At 708, the method 700 acquires route and vehicle characteristics (e.g. dynamic and static). For example, the
PAC 124 receives or retrieves the route characteristics of the selected route and the vehicle characteristics of the vehicle
10, as described.
[0124] At 710, the method 700 determines an optimal speed profile to the desired destination to achieve the minimum
desired SoC. For example, the PAC 124may determine the optimal speed profile to the desired destination to achieve the
minimum desired SoC.
[0125] At 712, the method 700 determines whether a solution exists, as described. For example, the PAC 124 may
determine whether the optimal speed profile to the desired destination exists, such that the minimum desired SoC is
achievable. If yes, the method 700 continues at 716. If no, the method 700 continues at 714.
[0126] At 714, the method 700 determines charging options that the vehicle can stop along the route to charge and
provides the options to the driver of the vehicle. For example, the PAC 124may identify charging options along the route.
ThePAC124may provide the options to the driver via the display 122 or other suitable display. Themethod 700 continues
at 704.
[0127] At 716, the method 700 recommends the driver proceed along the define route based on the defined target
optimal speed profile. For example, the PAC 124may recommend the driver proceed along the define route based on the
defined target optimal speed profile.
[0128] At 718, the method 700 acquires route and vehicle characteristics. For example, the PAC 124 may receive or
retrieve updated route characteristics for the selected route and updated vehicle characteristics for the vehicle 10.
[0129] At 720, the method 700 updates the estimated destination SoC based on the updated route and vehicle
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characteristics. For example, the PAC 124 may update the estimated destination SoC based on the updated route
characteristics and the updated vehicle characteristics.
[0130] At 722, the method 700 determines whether the destination SoC is a deviation. For example, the PAC 124 may
determine whether the destination SoC is a deviation. If yes, the method 700 continues at 724. If no, the method 700
returns to 718.
[0131] At 724, themethod 700 updates the optimal speed profile to the desired destination to achieve the desired SoC.
For example, the PAC 124 may update the optimal speed profile to the desired destination to achieve the desired SoC.
[0132] At 726, themethod700determineswhether a solution exits. For example, thePAC124maydeterminewhether a
solution exists, as described. If yes, the method 700 continues at 728. If not, the method 700 returns to 714.
[0133] At 728, themethod 700 shifts to the updated target optimal speed profile. For example, the PAC 124may control
propulsion of the vehicle 10 or recommend the driver adhere to the updated target optimal speed profile.
[0134] FIG. 10 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimationmethod
800 according to the principles of the present disclosure. At 802, the method 800 receives, from the HMI controls 104, a
minimumdesired final SoC at the destination, aminimumandmaximumband around speed limit, and an aggressiveness
factor. Forexample, thePAC124may receive, from theHMIcontrols104, aminimumdesiredfinalSoCat thedestination, a
minimum and maximum band around speed limit, and an aggressiveness factor.
[0135] At 804, the method 800 receives, from the HMI controls 104, a final destination and one or more waypoint
destinations. For example, the PAC 124may receive, from the HMI controls 104, the final destination and the one ormore
waypoint destinations.
[0136] At 806, themethod 800 selects a route based on the final destination and the one ormorewaypoint destinations.
For example, the PAC 124 may select a route based on the final destination and the one or more waypoint destinations.
[0137] At 808, the method 800 acquires route and vehicle characteristics (e.g. dynamic and static). For example, the
PAC 124 receives or retrieves the route characteristics of the selected route and the vehicle characteristics of the vehicle
10, as described.
[0138] At 810, the method 800 determines an optimal speed profile based on the final destination and the one or more
waypoint destinations to achieve the minimum desired final SoC. For example, the PAC 124 may determine the optimal
speed profile based on the final destination and the one or more waypoint destinations to achieve the minimum desired
SoC.
[0139] At 812, the method 800 determines whether a solution exists, as described. For example, the PAC 124 may
determine whether the optimal speed profile, based on the final destination and the one or more waypoint destinations,
exists, such that the minimum desired final SoC is achievable. If yes, the method 800 continues at 816. If no, the method
800 continues at 814.
[0140] At 814, the method 800 determines charging options that the vehicle can stop along the route to charge and
provides the options to the driver of the vehicle. For example, the PAC 124may identify charging options along the route.
ThePAC124may provide the options to the driver via the display 122 or other suitable display. Themethod 800 continues
at 804.
[0141] At 816, the method 800 recommends the driver proceed along the define route based on the defined target
optimal speed profile. For example, the PAC 124may recommend the driver proceed along the define route based on the
defined target optimal speed profile.
[0142] At 818, the method 800 acquires route and vehicle characteristics. For example, the PAC 124 may receive or
retrieve updated route characteristics for the selected route and updated vehicle characteristics for the vehicle 10.
[0143] At 820, the method 800 updates the estimated destination SoC based on the updated route and vehicle
characteristics. For example, the PAC 124 may update the estimated destination SoC based on the updated route
characteristics and the updated vehicle characteristics.
[0144] At 822, the method 800 determines whether the destination SoC is a deviation. For example, the PAC 124 may
determine whether the destination SoC is a deviation. If yes, the method 800 continues at 824. If no, the method 800
returns to 818.
[0145] At 824, the method 800 updates the optimal speed profile to the desired destination to achieve the desired final
SoC.For example, thePAC124mayupdate theoptimal speedprofile to thedesireddestination to achieve thedesired final
SoC.
[0146] At 826, themethod800determineswhether a solution exits. For example, thePAC124maydeterminewhether a
solution exists, as described. If yes, the method 800 continues at 828. If not, the method 800 returns to 814.
[0147] At 828, themethod 800 shifts to the updated target optimal speed profile. For example, the PAC 124may control
propulsion of the vehicle 10 or recommend the driver adhere to the updated target optimal speed profile.
[0148] FIG. 11 is a flow diagram generally illustrating an alternative remaining vehicle battery range estimation method
900according to the principles of the present disclosure. At 902, themethod 900 identifies at least one route characteristic
of a portion of a selected route. For example, thePAC124may identify the at least one route characteristic of the portion of
the selected route.
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[0149] At 904, themethod 900 determines a vehicle energy consumption profile for a vehicle based on at least historical
data indicating energy consumption of the vehicle for at least a portionof a route previously traversedby the vehicle having
at least one route characteristic corresponding to the at least one route characteristic of the portion of the selected route.
For example, the PAC 124 may determine the vehicle energy consumption profile for the vehicle 10 based on at least
historical data indicating energy consumption of the vehicle 10 for at least a portion of a route previously traversed by the
vehicle 10havingat least one route characteristic corresponding to theat least one route characteristic of theportion of the
selected route.
[0150] At 906, themethod 900 determines a current state of charge of a vehicle battery of the vehicle. For example, the
PAC 124 may determine the current state of charge of the vehicle battery of the vehicle 10.
[0151] At 908, the method 900 determines, for the selected route, a route energy consumption profile based on the at
least one route characteristic of the portion of the selected route and the vehicle energy consumption profile. For example,
the PAC 124 may determine, for the selected route, a route energy consumption profile based on the at least one route
characteristic of the portion of the selected route and the vehicle energy consumption profile.
[0152] At 910, themethod900 calculates anestimated remaining charge for the vehicle battery at anendof the selected
route based on the state of charge of the vehicle battery and the route energy consumption profile. For example, the PAC
124maycalculate theestimated remaining charge for the vehicle battery at anendof the selected route basedon the state
of charge of the vehicle battery and the route energy consumption profile.
[0153] At 912, the method 900 determines whether the estimated remaining charge for the vehicle battery is within a
vehicle battery charge range. For example, the PAC 124 may determine whether the estimated remaining charge for the
vehicle battery is within a vehicle battery charge range.
[0154] At 914, themethod 900, in response to a determination that the estimated remaining charge is within the vehicle
battery charge range, generates a first indication. For example, the PAC 124 may generate, in response to the
determination that the estimated remaining charge is within the vehicle battery charge range, the first indication.
[0155] At 916, the method 900, in response to a determination that the estimated remaining charge is less than a lower
limit of the vehicle battery charge range: (i) determines a target vehicle speed profile based on the at least one route
characteristic, the vehicle energy consumption profile, and the state of charge of the vehicle battery; and (ii) generates a
second indication. For example, the PAC 124may, in response to a determination that the estimated remaining charge is
less thana lower limit of thevehiclebattery charge range: (i) determine the target vehicle speedprofilebasedon theat least
one route characteristic, the vehicle energy consumption profile, and the state of charge of the vehicle battery; and (ii)
generate the second indication.
[0156] At 918, the method 900 provides one of the first indication and the second indication. For example, the PAC 124
may provide the first indication in response to the determination that the estimated remaining charge is within the vehicle
battery charge range and the second indication in response to a determination that the estimated remaining charge is less
than a lower limit of the vehicle battery charge range.
[0157] FIG. 12 is a flow diagram generally illustrating a vehicle propulsion control method 1000 according to the
principles of the present disclosure. At 1002, the method 100 identifies at least one route characteristic of a portion of a
most probable path. For example, the PAC 124 may identify the at least one characteristics of a proportion of the most
probable path.
[0158] At 1004, the method 1000 determines a vehicle energy consumption profile for a vehicle based on at least
historical data indicating energy consumption of the vehicle for at least a portion of a route previously traversed by the
vehicle having at least one route characteristic corresponding to the at least one route characteristic of the portion of the
most probable path. For example, the PAC 124 may determine the vehicle energy consumption profile for the vehicle 10
based on at least historical data indicating energy consumption of the vehicle 10 for at least the portion of the route
previously traversed by the vehicle 10 having at least one route characteristic corresponding to the at least one route
characteristic of the portion of the most probable path.
[0159] At 1006, the method 1000 determines, for themost probable path, a route energy consumption profile based on
theat least one routecharacteristic of theportionof themostprobablepathand thevehicleenergyconsumptionprofile.For
example, the PAC 124 may determine, for the most probable path, the route energy consumption profile based on the at
least one route characteristic of the portion of the most probable path and the vehicle energy consumption profile.
[0160] At 1008, themethod1000determines a target vehicle speedprofile basedon the at least one route characteristic
and the vehicle energy consumption profile. For example, the PAC 124 may determine the target vehicle speed profile
based on the at least one route characteristic and the vehicle energy consumption profile.
[0161] At 1010, the method 1000 selectively controls vehicle propulsion based on the target vehicle speed profile. For
example, the PAC 124 may selectively control vehicle propulsion based on the target vehicle speed profile.
[0162] Clause 1. A method for controller vehicle propulsion, the method comprising: identifying at least one route
characteristic of aportionof amost probablepath; determininga vehicle energy consumptionprofile for a vehicle basedon
at least historical data indicating energy consumption of the vehicle for at least a portion of a route previously traversed by
thevehiclehavingat least one routecharacteristic corresponding to theat least one routecharacteristic of theportionof the
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most probable path; determining, for themost probable path, a route energy consumption profile based on the at least one
route characteristic of the portion of the most probable path and the vehicle energy consumption profile; determining a
target vehicle speed profile based on the at least one route characteristic and the vehicle energy consumption profile; and
selectively controlling vehicle propulsion based on the target vehicle speed profile.
[0163] Clause 2. Themethod of claim 1, further comprising determining a current state of charge of a vehicle battery of
the vehicle.
[0164] Clause 3. The method of claim 2, further comprising: calculating an estimated remaining charge for the vehicle
battery at an end of the most probable path based on the state of charge of the vehicle battery and the route energy
consumption profile; and determining whether the estimated remaining charge for the vehicle battery is within a vehicle
battery charge range;
[0165] Clause 4. Themethod of claim3, further comprising, in response to a determination that the estimated remaining
charge is within the vehicle battery charge range, generating a first indication.
[0166] Clause 5. Themethod of claim4, further comprising, in response to a determination that the estimated remaining
charge is less than a lower limit of the vehicle battery charge range: generating a second indication; and providing one of
the first indication and the second indication.
[0167] Clause 6. The method of claim 5, wherein the target vehicle speed profile is determined in response to the
determination that the estimated remaining charge is less than the lower limit of the vehicle battery charge range and is
further based on the state of charge of the vehicle battery.
[0168] Clause 7. The method of claim 5, wherein the first indication includes the estimated remaining charge for the
vehicle battery at the end of the most probable path.
[0169] Clause 8. The method of claim 5, wherein the second indication includes a warning indicating that the vehicle
batterymaybedepletedbefore the vehicle arrivesat theendof themost probablepathanda recommendation to follow the
target vehicle speed profile to avoid depleting the vehicle battery before the vehicle arrives at the end of themost probable
path.
[0170] Clause 9. The method of claim 5, wherein providing the one of the first indication and the second indication
includes providing, at a display of the vehicle, the one of the first indication and the second indication.
[0171] Clause 10. The method of claim 5, wherein providing the one of the first indication and the second indication
includes providing, at a mobile computing device, the one of the first indication and the second indication.
[0172] Clause 11. The method of claim 5, wherein providing the one of the first indication and the second indication
includes providing, to an autonomous controller of the vehicle, the one of the first indication and the second indication.
[0173] Clause 12. The method of claim 1, wherein the at least one route characteristic includes at least one of a traffic
condition, a traffic signal, and a road grade.
[0174] Clause 13. A system for controlling vehicle propulsion, the system comprising: a processor; and a memory
including instructions that, when executed by the processor, cause the processor to: identify at least one route
characteristic of a portion of a most probable path; determine a vehicle energy consumption profile for a vehicle based
on at least historical data indicating energy consumption of the vehicle for at least a portion of a route previously traversed
by the vehicle havingat least one route characteristic corresponding to theat least one route characteristic of the portion of
the most probable path; determine, for the most probable path, a route energy consumption profile based on the at least
one route characteristic of the portion of the most probable path and the vehicle energy consumption profile; determine a
target vehicle speed profile based on the at least one route characteristic and the vehicle energy consumption profile; and
selectively control vehicle propulsion based on the target vehicle speed profile.
[0175] Clause 14. The system of claim 13, wherein the instructions further cause the processor to determine a current
state of charge of a vehicle battery of the vehicle.
[0176] Clause 15. The system of claim 14, wherein the instructions further cause the processor to: calculate an
estimated remaining charge for the vehicle battery at an end of themost probable path based on the state of charge of the
vehicle battery and the route energy consumption profile; and determine whether the estimated remaining charge for the
vehicle battery is within a vehicle battery charge range;
[0177] Clause 16. The system of claim 15, wherein the instructions further cause the processor to, in response to a
determination that the estimated remaining charge is within the vehicle battery charge range, generate a first indication.
[0178] Clause 17. The system of claim 16, wherein the instructions further cause the processor to, in response to a
determination that the estimated remaining charge is less than a lower limit of the vehicle battery charge range: generate a
second indication; and provide one of the first indication and the second indication.
[0179] Clause 18. The system of claim 17, wherein the target vehicle speed profile is determined in response to the
determination that the estimated remaining charge is less than the lower limit of the vehicle battery charge range and is
further based on the state of charge of the vehicle battery.
[0180] Clause 19. The system of claim 17, wherein the first indication includes the estimated remaining charge for the
vehicle battery at the end of themost probable path, and wherein the second indication includes a warning indicating that
the vehicle batterymay be depleted before the vehicle arrives at the end of themost probable path and a recommendation
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to follow the target vehicle speed profile to avoid depleting the vehicle battery before the vehicle arrives at the end of the
most probable path.
[0181] Clause 20. A non-transitory computer-readable storagemedium, comprising executable instructions that, when
executed by a processor, facilitate performance of operations, comprising: identifying at least one route characteristic of a
portion of amost probable path; determining a vehicle energy consumption profile for a vehicle based on at least historical
data indicating energy consumption of the vehicle for at least a portionof a route previously traversedby the vehicle having
at least one route characteristic corresponding to the at least one route characteristic of the portion of the most probable
path; determining a current state of charge of a vehicle battery of the vehicle; determining, for the most probable path, a
routeenergy consumptionprofilebasedon theat least one route characteristic of theportionof themost probablepathand
the vehicle energy consumption profile; calculating an estimated remaining charge for the vehicle battery at an end of the
most probable path based on the state of charge of the vehicle battery and the route energy consumption profile;
determining whether the estimated remaining charge for the vehicle battery is within a vehicle battery charge range; in
response to a determination that the estimated remaining charge is less than a lower limit of the vehicle battery charge
range: determining a target vehicle speed profile based on the at least one route characteristic, the vehicle energy
consumption profile, and the state of charge of the vehicle battery; and generating an indication; and providing the
indication.
[0182] The above discussion is meant to be illustrative of the principles and various embodiments of the present
invention. Numerous variations and modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace all such variations and
modifications.
[0183] Theword "example" is used herein tomean serving as anexample, instance, or illustration. Any aspect or design
described herein as "example" is not necessarily to be construed as preferred or advantageous over other aspects or
designs. Rather, use of the word "example" is intended to present concepts in a concrete fashion. As used in this
application, the term "or" is intended to mean an inclusive "or" rather than an exclusive "or". That is, unless specified
otherwise, or clear fromcontext, "X includesAorB" is intended tomeananyof the natural inclusivepermutations. That is, if
X includes A; X includes B; or X includes both A and B, then "X includes A or B" is satisfied under any of the foregoing
instances. In addition, the articles "a" and "an" as used in this application and the appended claims should generally be
construed to mean "one or more" unless specified otherwise or clear from context to be directed to a singular form.
Moreover, use of the term "an implementation" or "one implementation" throughout is not intended to mean the same
embodiment or implementation unless described as such.
[0184] Implementations the systems, algorithms, methods, instructions, etc., described herein can be realized in
hardware, software, or any combination thereof. The hardware can include, for example, computers, intellectual property
(IP) cores, application-specific integrated circuits (ASICs), programmable logic arrays, optical processors, programmable
logic controllers, microcode, microcontrollers, servers, microprocessors, digital signal processors, or any other suitable
circuit. In the claims, the term "processor" should be understood as encompassing any of the foregoing hardware, either
singly or in combination. The terms "signal" and "data" are used interchargeably.
[0185] As used herein, the term module can include a packaged functional hardware unit designed for use with other
components, a set of instructions executable byacontroller (e.g., a processor executing softwareor firmware), processing
circuitry configured to perform a particular function, and a self-contained hardware or software component that interfaces
with a larger system. For example, a module can include an application specific integrated circuit (ASIC), a Field
Programmable Gate Array (FPGA), a circuit, digital logic circuit, an analog circuit, a combination of discrete circuits,
gates, and other types of hardware or combination thereof. In other embodiments, a module can include memory that
stores instructions executable by a controller to implement a feature of the module.
[0186] Further, in one aspect, for example, systems described herein can be implemented using a general-purpose
computer or general-purpose processor with a computer program that, when executed, carries out any of the respective
methods, algorithms, and/or instructions described herein. In addition, or alternatively, for example, a special purpose
computer/processor can be utilized which can contain other hardware for carrying out any of the methods, algorithms, or
instructions described herein.
[0187] Further, all or a portion of implementations of the present disclosure can take the form of a computer program
productaccessible from, forexample, acomputer-usableor computer-readablemedium.Acomputer-usableorcomputer-
readablemediumcan be any device that can, for example, tangibly contain, store, communicate, or transport the program
for use by or in connection with any processor. The medium can be, for example, an electronic, magnetic, optical,
electromagnetic, or a semiconductor device. Other suitable mediums are also available.
[0188] The above-described embodiments, implementations, and aspects have been described in order to allow easy
understanding of the present invention and do not limit the present invention. On the contrary, the invention is intended to
cover variousmodifications and equivalent arrangements includedwithin the scope of the appended claims, which scope
is to be accorded the broadest interpretation so as to encompass all such modifications and equivalent structure as is
permitted under the law.
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Claims

1. A method for controller vehicle propulsion, the method comprising:

identifying at least one route characteristic of a portion of a most probable path;
determining a vehicle energy consumption profile for a vehicle based on at least historical data indicating energy
consumption of the vehicle for at least a portion of a route previously traversed by the vehicle having at least one
route characteristic corresponding to the at least one route characteristic of the portion of themost probable path;
determining, for the most probable path, a route energy consumption profile based on the at least one route
characteristic of the portion of the most probable path and the vehicle energy consumption profile;
determining a target vehicle speed profile based on the at least one route characteristic and the vehicle energy
consumption profile; and
selectively controlling vehicle propulsion based on the target vehicle speed profile.

2. The method of claim 1, further comprising determining a current state of charge of a vehicle battery of the vehicle.

3. The method of claim 2, further comprising:

calculatinganestimated remaining charge for thevehicle batteryat anendof themostprobablepathbasedon the
state of charge of the vehicle battery and the route energy consumption profile; and
determining whether the estimated remaining charge for the vehicle battery is within a vehicle battery charge
range;

4. Themethodof claim3, further comprising, in response toadetermination that theestimated remainingcharge iswithin
the vehicle battery charge range, generating a first indication.

5. Themethod of claim 4, further comprising, in response to a determination that the estimated remaining charge is less
than a lower limit of the vehicle battery charge range:

generating a second indication; and
providing one of the first indication and the second indication.

6. Themethodof claim5,wherein the target vehicle speedprofile is determined in response to thedetermination that the
estimated remaining charge is less than the lower limit of the vehicle battery charge range and is further based on the
state of charge of the vehicle battery.

7. The method of claim 5, wherein the first indication includes the estimated remaining charge for the vehicle battery at
the end of themost probable path, and/or wherein the second indication includes awarning indicating that the vehicle
battery may be depleted before the vehicle arrives at the end of the most probable path and a recommendation to
follow the target vehicle speed profile to avoid depleting the vehicle battery before the vehicle arrives at the end of the
most probable path.

8. Themethodof claim5,wherein providing theoneof the first indication and the second indication includesproviding, at
a display of the vehicle, the one of the first indication and the second indication, and/or

wherein providing the one of the first indication and the second indication includes providing, at a mobile
computing device, the one of the first indication and the second indication, and/or
wherein providing the one of the first indication and the second indication includes providing, to an autonomous
controller of the vehicle, the one of the first indication and the second indication.

9. The method of any one of claims 1 to 8, wherein the at least one route characteristic includes at least one of a traffic
condition, a traffic signal, and a road grade.

10. A system for controlling vehicle propulsion, the system comprising:

a processor; and
a memory including instructions that, when executed by the processor, cause the processor to:
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identify at least one route characteristic of a portion of a most probable path;
determine a vehicle energy consumption profile for a vehicle based on at least historical data indicating
energyconsumptionof thevehicle for at least aportionof a routepreviously traversedby thevehicle havingat
least one route characteristic corresponding to the at least one route characteristic of the portion of themost
probable path;
determine, for the most probable path, a route energy consumption profile based on the at least one route
characteristic of the portion of the most probable path and the vehicle energy consumption profile;
determine a target vehicle speed profile based on the at least one route characteristic and the vehicle energy
consumption profile; and
selectively control vehicle propulsion based on the target vehicle speed profile.

11. Thesystemof claim10,wherein the instructions further cause theprocessor todetermineacurrent stateof chargeof a
vehicle battery of the vehicle.

12. The system of claim 11, wherein the instructions further cause the processor to:

calculate an estimated remaining charge for the vehicle battery at an end of themost probable path based on the
state of charge of the vehicle battery and the route energy consumption profile; and
determinewhether theestimated remaining charge for thevehicle battery iswithinavehicle battery charge range;

13. Thesystemof claim12,wherein the instructions further cause theprocessor to, in response toadetermination that the
estimated remaining charge is within the vehicle battery charge range, generate a first indication.

14. Thesystemof claim13,wherein the instructions further cause theprocessor to, in response toadetermination that the
estimated remaining charge is less than a lower limit of the vehicle battery charge range:

generate a second indication; and
provide one of the first indication and the second indication;

and wherein, preferably,
the target vehicle speed profile is determined in response to the determination that the estimated remaining
charge is less than the lower limit of the vehicle battery charge range and is further based on the state of
charge of the vehicle battery, and/or
the first indication includes the estimated remaining charge for the vehicle battery at the end of the most
probable path, and wherein the second indication includes a warning indicating that the vehicle battery may
be depleted before the vehicle arrives at the end of the most probable path and a recommendation to follow
the target vehicle speed profile to avoid depleting the vehicle battery before the vehicle arrives at the end of
the most probable path.

15. A non-transitory computer-readable storage medium, comprising executable instructions that, when executed by a
processor, facilitate performance of operations, comprising:

identifying at least one route characteristic of a portion of a most probable path;
determining a vehicle energy consumption profile for a vehicle based on at least historical data indicating energy
consumption of the vehicle for at least a portion of a route previously traversed by the vehicle having at least one
route characteristic corresponding to the at least one route characteristic of the portion of themost probable path;
determining a current state of charge of a vehicle battery of the vehicle;
determining, for the most probable path, a route energy consumption profile based on the at least one route
characteristic of the portion of the most probable path and the vehicle energy consumption profile;
calculatinganestimated remaining charge for thevehicle batteryat anendof themostprobablepathbasedon the
state of charge of the vehicle battery and the route energy consumption profile;
determining whether the estimated remaining charge for the vehicle battery is within a vehicle battery charge
range;
in response to a determination that the estimated remaining charge is less than a lower limit of the vehicle battery
charge range:

determining a target vehicle speed profile based on the at least one route characteristic, the vehicle energy
consumption profile, and the state of charge of the vehicle battery; and
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generating an indication; and

providing the indication.
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